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lipids; (4) protein;. (5)* enzymes; * 
cellular respiration; (b) 
QNA anft. protein synthesis; (11) 
ance; (13) evolution; (,14) ecology; 
amies; (-16) nature observation; and v 
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. INTRODUCTION 

— ■ , 

Biology is often taught in such a visual way that learning barriers exist for 
the non-sifchted student. Suclj barriers cannot be, eliminated completely, but it 

• does seem appropriate to attempt to modify learning situations as much as pos- 
sible to accomodate the visually handicapped students. This project has involved 

'the production of enrichment materials for the non-sighted general biology stu- 
dent. > J 

I initially Encountered a blind student during my first year of teaching. He 
quickly caused me to realize that my standard teaching techniques were^ot es-. 
pecially suitable for him. Subsequently the student and I discussed methods^, 
that might be used to increase his understanding of biological concepts. I de- 
veloped a six week course, "Biology for the Blind", which involved an attempt 
to teach biological coacepts in somewhat novei ways. Recently, I attended an 
AAAS short -eourse on "Handicapped Students, in Science". The course made me re- 
alize that special segregated courses are less appropriate than a "mainstreaming:" 
approach. I decided that it would be valuable to develop materials for blind \ 
students that could be used'in mainstream situations. 

During^the 1979-A9.B0 school year T- created a series of learning modules designed 
to aid blind biology students. Each module consists of several Components in- 
cluding a typewritten handout, a Braille version of the handout, a cassette tape 
version of the handout, and models to accompany several of the handouts. The en- 
tire package of modules covers a wide range of topics, including most -subjects 
covered in\a typical one semester non-majors .course. Each module is capable of 
standing byy itself as a study aid in a particular subject area. 

It is important to emphasize that readily available , materials can often be used 
to enhance* the learning experience for blind students. For example, pipe clean- 
ers can represent chromosomes, modeling clay can be quickly fashioned ' into struc- 
tures representing cellular organelles, and flow chartte can be arranged with 
Braille' words on bulletin boards. The instructor should always attempt to be 
imaginative in developing simple materials for blind students. 

One of the goals of this project was to, develop several permanent models. Manx 
three dimensional models are available from commercial sources, but these often 
lack sufficient relief and detail. I attempted' to build models for concepts 
that are not available from commercial sources. * / * * . 



. BASIC CHEMISTRY ■? 

I. Atomic Structure . . ( 

4. Basic Units of the Atom( V ' 

-* * „ 

1. Electron: A small negatively ^harged particle fdund in t^e atom. Klec 
trons are in orbits around the nucleus of the atom. 

2. Proton: A relatively .large positively 'charged parti-cle found in the 
nucleus of the atom. 

3. Neutron: A relatively large neutral particle found in the nucleus of 
an a'tonu „ 

B. ■ The atomic number is the number' of pr ot ons' in ^an atom. The atomic number 

for a specific element never varies. 

C. The atomic weight of an atom, depends on its number of protons ^ind neutrons^. 

1. Each proton weighs one atomic weight \ unit. Each neutron weighs one 
atomic weight unit. Each electron weighs so little that it\\is not con- 

. \ • ' sidered when determining the weight of the atom. h 

2. Determine the atomic weight for each of the following atoms.A 

< t - ' - \ 

Name of the Ato r m # of Protons ?£ of Neutrons Atomic WeigtA in „ 

/ ~ - Atomic Weighfr Units 

t Hydrogen 1 0 : ] 

£ Oxygen X * „8 .8 \ 

Nitrogen > 7 3 <p 

Carbon *6 - 6 '* 

^ D. Each kind of atom* may occur as .a number of different isotopes. * * 

All isotopes x of an element have the same number of protons, but differ from 
; t each other in the- nipber of neutrons. 

irm simple se$ of^rules enables you to diagram the structure of an atom 1 if 
you know i'ts atomic number . 

. 1. In a Aeutral atom the number of electrons is the same as the atomic 
number. 

* J. i 

2. The first energy level never holds more 'than two electrons, and mijpt * 

be full with two electrons before additional electrons before "addition- 

^ al electrons will be added to the second energy level. 

5. The second energy level never holds more than eight electrons, ai^d ftust 
be full with eight electrons beYore additional electrons will b6. add-, 
ed to the third energy level. • „ ^ y 

- h. lt The third energy level will accept eight electrons before electrons fcre 
added to ihe fourth energy level. *' > 

* v \ 

5. Use the above rules to diagram the structured of the following atomsr' 

A. Hydrogen #1 ' * * 

• .B, Oxygen #8 • * % m 

- C. Nitrogen #7 ' 

"D. Carbon #6 *■ • ■ 

•II. Interactipns of A'toms '. • ' , 

* , • • ^ * 1. 

-A;^ Stability of atoms depends' On. the number of electrons in't^e outermost 
I ^ene^^i^vel. # , # ^ ' * 

!• An atom^with one energy level is stable when it has two electrons. % * •< 

a 2. An atom with twb energy levels is stable "when the second energy level* 
contains eight electrons. * . '' 



* t 

3. An ai*om with* three energy ]?evels is stable when the third energy 
level contains ei^ht electrons, ^ . 

B. Atoms tend to become .stable by gaining, losing, or sharing electrons. 

1. An atom v/hich loses an electron to become stable becomes 'a positive- 
ly charged ion. » \ • : . 

2. An atom which gains an electron to become stable beebmes*a negative- 
ly charged ion. ' „ 1 

3« A positive ion*and a negative ion, due to opposite charges, may. form* 
•a linkage called an ionic bond., , • * » * 

"* * 

4. Some atcftns ^share electrons with other £toms in prder to become stable. 

Neither atom gains nor-los^s an^electron. The linkage .which results 
* from the sharing of electros^ is called a covalent bond* 

C*. Covalent bonds ✓play major, roles in the structure of biological molecules. • 

1. 9% of living matter is composed of atoms of only four different ele- 
ments covalently, bonded into molecules.. The four important elements 
are hydrogen^ oxygen, nitrogen, and carbon. , 

2. The number of bonds that will be formed by the four elements are the 
fol^cfying: 

Hydrogen - 1 bond 

Oxygen - 2 bonds' 

Nitrogen - 3 t?onds - - 

Carbctn - h bonds * ' * 

This group of elements and their bonding needs may be remembered by 
the mnemonic device "HONC" (honk of the' horn for example). 

k 3. The following are some examples of how the four important elements may 
^>e. covalently bonded to make molecules: r - 

A.' Water m . H 0 - H ' 

< * B. Carbon Dioxide 0 = C = 0 4 

H " ^ 
v . . i ' * 

C. Methane % H - C - H 

1 

H , , 

> 

•? 

^ D. Ammonia * N - H 1 * ^ . 



Illi 5 Construction of Molecules 



I 



Your instructor will demonstrate how to build molecules with ball and stick 
models. These* should help you t9 understand the structure of molecules^ 



MOLECULES OF LIFE: CARBOHYDRATES 

] ' ' L *>' — " • 

1. Carbohydrates are fundamental compounds in living organisms. They 
store energy and Serve as fuel for the work of the cell. -They are 
. also used as building materials of the organism. ' 



2. Carbohydrates can be divided into three groups, monosaccharides, di- - ' ' 

saccharides and polysaccharides. r , - 

~" T ~ ~ ! ■ '■ — ■ — ■ 

^ 3. Monosaccharides are the simple sugars. They are represented by the 
type formula (CH 2 0)n where n can be any number from 3 to 7. . • 

H. Examples of monosaccharides: "~ < 

C 3 H 6°3 triose sugar glyeeraldehyde • ' t 

C 5- H 10-°5~~ PentOSe ^ u S ars — ribose, deoxyribo.se : '. ' 

■PS^IZ 0 ^'^* 0 ^ su Sars~glucose; -fructose, galactc 



:ose 



y. Disaccharides are compounds composed of two monosaccharides (simple - 
sugars;. The disaccharides important to biology have the molecular • 
formula C^Q^. - . - = - ■ ^ 

- 6. These three disaccharides are the important ' ones. ' ' <*> 

C 12 H 22°ll"" sucrose is a mole cule composed of "(glucose and fructose) 
C joined* together. ' - . 

-rlactose is ^ molecule, .composed of (glucose and galactose) 
joined together. J 

—maltose -is a molecule composed of (glucose and glucose) * 
joined together. 
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7. Polysaccharides are compounds composed of many sugar units. • The 
• type formula for tfee common polysaccharides is. (C^H 0 )n. ' • 

' . , 6 10 5 • ♦ 

8. Examples of some common polysaccharides; ° »» , 

* •/ Starches • 

Glycogen* %Made up of many-glucose- molecules. * 
^ ; Cellulose . * * 

9. Many carbohydrates share a mole^a'r, formula -with "one -or more .other 

- .carbohydrates. They differ WWh other, in their structSaffor- ' 
mulas. They are ISOMERS. I • , - , " . r /• 

" ' ' ul N • ■ 

— — 1 — 

10. Glucose and- f rU ctose. are- ^ersl;. Th^-^th have -the 'molecular, formula 
C 6 H I2°6* ^"^theyhave different, structural formulas.- * - 



< • f 
Z ' 



V 



glucose - . fructose 

' CH 2 pH - / H 



C 0 • • ' ,c 

I 



H / H . \ ^CH 2 0H 



OH \^0H • H^/ ^OH OH^ \ H ' OH y/ \oH 

» c — c . • . c c 

I I I I 

H . OH f . _ . OH H 

11. The Chemical characteristics of glucose and fructose are different as a 
result of their different structured formulas* 

12* Glucose 

Occurs commonly in fruits and vegetables. Component of all common 
• disaccharides. Constituent of many polysaccharides. THE physiqlo- 

gical sugar. 

' Fructose 

Found in free form in many fryiits. Constituent of sjicrose. Very 
sweet sugar. Sweeter than glucose or- sucrose. - . 

- 13. Carbohydrates differ from each other *in tv/o primary respects, their ' 
solubility in water and their molecular size. Both characteristics 
are important to living organisms. 

* h In order for molecuj.es to be transported in the blood or to pass through 

ce^ll membranes they must be dissolved in water.** * 

: : ~ -* : r 

15* Solubility characteristics* of some 'common carbohydrates' in water: " 
Soluble Insoluble 

Glucose. Amylopeotin — a form of starch 

Fructose .Cellulose t , 

Galactose . _ , Glycogen ^ 

Amy lose — a form of starch 

Sucrose 

Lactose 

16. Large molecules cannot permeate cell membranes even if they are soluble 
in water. In order to be absorbed front the gut, disaccharides and poly^. 
saccharides must be digested into soluble monosaccharides. * 

■ ■ - o . ■ j . - 

1?. Monosaccharides are the building blocks qf the. disaccharides and poly- 
saccharides. *Each njpnosacqharide incorporated' into a larger molecule 
* is qalled a MONOMER. - ^ 



N 

18. Two glucose molecules bond together to form 



one maltose molecule. 



CH OH 




•19 f The -bonding together of-.the two glucose molecules with the concurrent 
removal- of one molecule of water- is *n example c-f DEHYDRATION SYNTHESIS 
- .The, bond formed between two carbohydrate molecules during dehydration ' * 
synthesis is called a GLUCOSIDE BOND. - - ■ ' ^ 

! - I : " ■— r ; — ^ 

20. Glucose and fructose combine through dehydration synthesis to form the * 
• disacchande sucrose. - * 





,+H 2 0 



glucose y-plus fructose .yields 



sucrose (table fe'ugaf) 



x J ~ 

21. Glucose is the carbohydrate use'd aa a fuel by most organisms. 'The oxida- 
tion of glucose^ is represented by the f ollowing equation. • ' 

C 6 H 12°6 + 6 °2 7* 6C0 2 + 6H 2°. + ener Sy 

. glucose oxygen c carbon ■ ■ water (%cal/g. glucose) 

dioxide ■ . . 



erJc 



3 



22. Disaccharides and polysaccharides included in the diet are digested 

into monosaccharides. Digestion happens by HYDROLYSIS. A molecule 'pf " 
water is added, breaks a glucoside bond, and releases a monosaccharide • 



23* ^ Maltose is hydrolized to two glucose molecules. 




glucose glucose 



. 1 j t 

2*f. Sucrose is hydrolized to a glucose and a, fructose molecule. [ 




LIPIDS 



Sr?ol 0 ° r r iC C ° mP0U ' ndS in ^4 organise. 
• as a shock aLorMnJ .«t£LJ a^L*^ insulati °^ «t ' 

branes. " material, and as structural components of cell mem- 





Lipids include two classes of compounds; 

1. Fats -Nonpolar molecules which are* important in. food storage 



'.A, fat molecule, is' i constructSd'from two kinds- of molecules. 
• 1. Ai\ alcohol.*. Usually glyperol. v 





H 
1 




H - 


C 


- OH 


H 7 


I 

c 


- OH 


H.- 


1 

c 

1 


- OH 




H 





f™n 2 I'»! at S ^ dS * Th6re are raan y kinds'of fatty 'acids which diffoV" 
from each other in molecular <?-i* e c™, - -1 7 wnicn Qiifer- 

below.. moiecuiar size. Some common fatty acids are listed' 



Formula 
0,H_.COOH 

C 15 H 31 COOK . 
C 1? H 35 COOH 

C^H^COQH 



Fatty Acid Name 
Butyric 

Palmitic 1 • 

Stearic 

Cerotic 



'0 
II 



Commonly found in " * 
1 Butter * 

^ Animal and Vegetable Fats * 
Animal and Vegetable Fats*^ 
Beeswax, Wool f$t t etc. ?' 



Each fatty acid has a carboxyl Kroim - C - O » ^uj/ 
R - C ^0 -.H,*where R.'is a variable number of carbon and hydrogen atoms. ' 



* -bonds'; VuZ^St^tSt ? °^ ° f h ~^d , . 

Known a^the hydrocarbon end of the fatty acid molecule. 



c » ( • * . 7 ' ' ' ' 

6. A fat molecule is formed wh<kn thrpp* * v n^,*^ i i * 

cerol molecule A w + I! ™^ tnree fatty acid molecules attach to a gly- 



/ 



H t . , s ' ,0- • •}! '0 

C - C§} + s ; H0;- C - R -> H - C 0 - C - -R' + H^O ~ s 

*H - O «* OH ' ' " '\ H' - C -^OH <. - <. 

,H - C - OH ' H - C — OH 

i - ■ . . - - <• 

*• H ' * , ,H' , - 

glycerol fatty acid. < , ^ * 

„ The linkage formed betv/een the glycerol ' molecule and the 'fatty acid 
molecule is called the ester group. * * 

* H . 0 1 

i , ,.-v in 

. • h - c -.o - c;--r 

I 4 — J 

' <J - 
' 1 ester group » 



7. The following equation illustrates the „ synthesis 
found in butter: ■ t ' 


of the fat commonly 


?». 


0 

\ * It 

HO - C - (CJL) • 

t. 3 7 

.0 , 




" H - C - OFT 
l 

- H — C - OH' + 
. 1 - 
. H - C - OH 

H 




HO-'C -'(CJL) 
0 

HO - C - (CJI 

J 7 . • ■ 


* 

v. * \ 


f glycerol 


fatty acidte '* . 





Fatty acids occur*in two forms, saturated arid unsaturated fattyacids. 
Saturated fatty acids have all single bonds in the hydrocarbon .end of 
the fatty kcid -piolecule. Unsaturated fatty acids have .one or more u 
double bonds between *C atoms in the' hydrocarbon end of^he fa^tty acid^ 
molecule* * 




Saturated fatty acid * ^ ' - 

Stear ic C- o H-.-C00H 
r , • 1/ 35 

" 0 H H x H y H H H H H H H H H H H H l H H 

^ M l l x 4 I I , > I I I • I 1 I I I pi - 1 - 1 I 
,HO--C|^C-C'--C-C^C«C«C-C--C--C--C-C--^C--C-C--C--C 

L 1 I I 1*1 1 1 1 I - 1 III K I I I I 

Carboxyl H H H H H H H H H H H ff H °H. H 

group ' r s 
Singly unsaturated fatty acid 

c 03-*ic C nn H„C00H ' ' V 

• 1 1 17 55 » « 



J^HHOTHH-HH . • H H H ' H H H H H 
I . I . I I I I I r I I I I I J I I 

( |H0 -C f -x:-C-C-C-C v -C-C^C==C--'C-»C--C--C-^ 

I . , 1 i n i i i i i i \ i t> i i 

Carboxyl H H NI H He- H H ,H H> H H H' 

group". i . - ^ . 
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l H 
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- C - 
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1 

H 



* ' 'V \ 

Doubly and tri ply unsaturated fatty Voids (polyunsaturated) 

V Lir.oleie p,- H^COOtf ' 

•'-''31 , , \ 
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M 



H 
I 



H 
\ 



H 
I 



H 
I 



H 



|H0 - C| - _C - C - C - C 



Carboxyl 
group 



H 



I 

H 



I 

H 



H 



H 
I . 
C 
I 

H 



If 

i 
I 

H 



H 

C s C ■ C - C = C 

1 V • . • J 

H >H -H H H 



H H 



i y r t 1 

C - C - C - C - C «*<H 



\ 

H 



I 

H 



I 

H 



I 

H 



Linolenic 



C 1? H 2g C00H 
I .H 



0 - IT -H H .H .H \H H 

II I I- I | h I | 

.HO-q-c-'c-c-c-c-c-c 

L — . — I I I I I- I I I 

Carooxyl H H H H H H H 



C 
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H 



C 
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H 



H 




• t. 


H 






*H 
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- C 
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= C - 

r . 
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a - 
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= C 
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• H 
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i 

H ' 
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H 



group 
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'I 

H 



- C *• H 



The degree of , unsaturatidn of the fatty acids determines the melting .point 
' * of a fat. The more unsaturated the fatty acids, the lower the melting 
point of the fat. Fats Which have melted are called oils. 

— -± ^ ; = : 

10. Complex lipids are important structural components of cell membranes. 
m Complex lipids are* the second class of lipids. ' 

A phosphate group is always part of a complex lipid. For. this reason, 
complex lfpids are often called phospholipids. * v 



11, 



Complex lipids (phospholipids) ■ ' 

Eaph complex lipid has a glycerol molecule .with tv/o fatty acids and a 
phosphate group ^attached. . ; 

° 4 0 *H ' 

" * • L 
,0-P-O-C-H n 

_ t 1 8 ■ ~ • ' ' • 

0 H-C-O-C-fl ., • 

1.0 ' - 



9 
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Phosphate has a negative charge on an^xygen atom and choline, for ex- 
ample, has °a positive charge at the N atom. The result is polarity at 
one end of the molecule. The fatty acid end of the molecule hajs no* 
polarity and does not 'mix with, water. The polar end of the molecule 
mixes well polar water molecules. 

^ charged portion , 
of molecule 

- hydrophobic* portion 
of molecule (has 
no charge) 




MOLECULES OF LIFE: PROTEINS 



1. Living things are made of thousand^ "of different molecules which per- 
form a fantastip variety of <jobs in the body. As biologists try to 

• urfderstand these "molecules of 'life" it is necebsary to group them in- 
'to classes according to their similarities ami differences. All of 
the proteins belong to one -such class. Carbohydrates make up another. 
Lipids make up still another. * , . m 

~ t , V , 

2. The body of an average animal or human is composed of 6056 water, 20^ pro- 
tein, ityfc lipids, and 'about 1% carbohydrates. The remainder is minerals 

and nucleic acids. ' 



3» Hfere 'is^ list of .animal and .plant materials in which proteins are 'the. 
'* principle components: hair, /fur, feathers, * scales, skin, leather, finger- 
nails, hooves,— cartilage, muscles, embryo' ox*- germ portion' of seeds. 

* ■ 

— — ' , 1 ' ' . . . . — - — , 

jf. Here are some familiar foods which .are important fpr their protein content, 
milk % protein ' cashews , 18^ protein- 
cheese 2% J» soybeans • Wo " * 
eggs; 12% 11 J whffat germ . 2% 
hamburger 2% 11 - sunflower seeds * 2% 11 

9 * 

5. Some proteins are especially important because of the jobs they, perform 
, in life processes. .In this category are the enzymes . 

. Ensl^tek serve as cata^stfc mediating the many biochemical' processes oc- 
curring within cells and in the di^stive system. For example, the di~ 
gestion of starch is mediated by an enzyme named araalase. - 

6. Other proteins serve as antibodies . . 

Antibodies are produced b^lfhe folood system and protect against infections 
'EmU diseases; Under some conditions antibodies cause problems. For ex- 
ample, antibodies are^involved in allergies, Eh incompatibility, and rejec- 
tion of transplanted organs. */ ■ * 

■ '. - ■ ■ - ..... ^ . . 

7. Still some other proteins serve as hormones (but many hormones are not 
proteins.) ' > . , 

Hormones ^§re "chemical messengers 11 . They are synthesized in one part of 
the body' and are transported to other parts where they exert their effects* 
Insulin is a hormone which is a protein. It* is synthesized and secreted • 
, r by the islet cells oflkthe pancreas and stjusulates the liver and muscles 
~to remove glucfse from the blood. 4 



remove glue 



9: 



fw e »l m0liC ? eS - are i r lative:Ly big *** complicated. > For this reason, 
they are sometimes called macromolecules . ' • 1 



10. Protein ^lecules are composed of simpler and smaller molecules called 
amino acids which are, joined together into chains or polymers . 

The connecting links joining 'thiamine acids* are called peptide bonds.' 
For this reason proteins-are sometimes called polypeptides? ' 



11. Here is the generalized structure of amino, acid. H R 0 

molecules.. .They .are all alike to this extent. ' H-Lc-8-OH .- . 

'R» does not stand for ian' atom. It stands for a side chain (or radical)' 
whose structure-need not be shown in the generalized ver^ion.^ 



12. The central carbon atom in the V amino acid molecule is called the aloha 
carbon^ * * 



13. 



8 

-C-Off is called a carboxyl group.. 0ften.it is shown like this: -C00H. 

llll Sf?2 ^ T ter C ^ bOXyl lib6rate hydro * en ions < H+ > which 'are 

also called protons. Thus carboxyl groups are acidic. The carboxyl group 
is sometimes referred to as the acid group! r°uxyj. group 



-C00H 



-COO - and If 



J 



■Mir is- called an amino group . Often at is shown like this: -NH. 



15. Amino acids can be shown in a variety of ways. One form is shown in 

frame 11, but there is no particular sequence. by which the groups 'are ar- 
• ..raged around the alpha carbon, so the following structures^eqSly 

HO-C-9-N ^0 • ~" 

R R-9-8-OOH etc. 

H 



w The main thing to remember about the. structure is that an amino group 
a carboxyl group, a hydrogen atom, and a side chain (R) are all attached 
tof^he alpha carbon.' 



16. 



two molecules of cystl>enfe* joined together Some author^ count both* 
cystine and cystiene; others only cystiene. 



17. 



Eight of the twenty amino acids are considered essential to human nutri- 
tion. These eight amino acids must be eaten" because they are not manu- 
factured in the body. , * 

The eight essential amino acids and their group^are listed below: 



Isoleucine 



CJI- 
I 3 

H-C-CH, 
i 3 



H.N-C-C-OH 
2 i il 

H 0 



Lysine 



CH.-NH- 
| 2 2 

CH„ 



H 2 N-^-C-0H 
H 0 



Methionine 



Phenylalanine 



- Tryptophan 



CH, 
I 3 
S 
I 



ILN-C-C-OH 
2 I || 

H 0- 




ILN-C-C-OH 
2 1 II 

H 0 




c^ch' : 



ILN-C-C-OH 
2 I II 

• a o 



> 
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if; 



Threonine^ 



Leucine 



r 



h 



CH. 



on 



H_N-C-C-0H 

* I II 
H Q 



'f 2 ■ 



H_N-C-C-OH 
2 I H 

.H 0 ' 



Valine 



™K / 01t 3 

CH 



HJV-C-C-OH 
3 I II 

H 0 



A simple mnemonic device may help you to learn the names of these 
amino acids:, I Like Many People To Take Lots Vitamins corresponds to 
the eight amino acids as 'listed "above . . " • 



18. 



"The .bontls which link amino acids into a polymer "are "called peptide bonds , 
and connect t'he amino gr«njD of one amino acid to the carboxyl group of 
the next.. ' . 



■ R 0 
I II 
H.N-C-C 
2 I 
H 



H R 0 
I I II 
N-C-C 
I 

H 



peptide bonds. 



H If 0 
I I II 
N-C-C 
I 

H 



etc. 



■ 19. 



Formation .of peptide bonds is a dehydration synthesis reaction which 
yields one H.O molecule for e^cH- peptide bond formed. 



H R^O 
I I II 
H-N-C-C-OH 

¥ H 



H 



H R 0 
1 1 " 

:-n-c-c- 



OH 



I 

H 



H R 0 
I I II 
—S H-N-C-C- 
I 

H 



H R 0 
I I II 
-N-C-C-OH 

I • 
H 



HOH 



\ 
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20. Peptide bonds are_ broken in a reaction called digestion or hydrolysis 
in which one water, molecule is consumed for each peptide bond broken. 
v Hydrolysis is the reverse of dehydration synthesis. 



, H R 0 

I 1 u 

H-N-C-C 
I 

H 



H R 0 
I I II 
■ N-C-C-OH 
.1 
H 



/ 
R 0 

H< • II 
„^ N-C-C-OH 

* H 



R 0 

Hv. I 'I 
H >N-C-C-0H 

H 
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21. 



cific chemical and physical p^cmes Th{ Us °™ ^ 

«.d most have hundreds or chords, ab ° Ut 50 anino ac "= 



22* The linear sequenc 
protein* 



e of the amino acids is the primary structure 



of the 



23 * , 5£: S Sf?i n m ° leCules sh ^e themsel 



alpha helix . 
The alpha helix configurati 



ves mto a spiral or helix called &n 
on is the secondary structure of the protein. 



^ -JLSiS "fZ] Pr ° teinS - b ^ - *>lded 'into a complex three- 

Th^three-dWonal co„fi^ ation is the te^ structure of the pro . 



>*x^^ Protein are' predetermined 

has unique chemical and physical ! 8 *° h k±nd * f mi ™ acid ; 

.thus the linear .^u.ne.^S^.JTSJ rent" KnTof" ^ Side Chai ^ 

. 'l^i^,^ SaS^?"^ W chains ' ' 

, having a positively charged site cSin iST*' • ' SUPP ° Se M amino a <^ 
an amino acid having a nfgativfly ^ed siVV"' the -P r °^n while 

3S S^^^^^rtS^--^ - - 



TV 



- f 








/; 



At. 
)i ■ 



E + A + B/> ; 



4i , ' 



, {eab^ 



E + C + D 



E 



Highly diagrammatic, two-dimensional 
representation of an* enzyme cata- 
lyzing the conversion of two comple- 
mentary substrate molecules (A and B) 
into products (C and D). The en- 
zyme molecule remains unchanged 
during the reaction* 
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• 26. '^Ke' catalytic 'properties o£ enzymes' 

• • is an: outcome of pKimary, secondary, 

• • and tertiary structure, •, Since each 

,< Kind. of protein Jiaa unique structural, 
■ - Physical, and' chemical properties, it 

• follows that each kind is very restric- 

* -I 38 ^•' t?he mteris *s Xt can interact 
with. This explains why a particular 
enzyme can only catalyze one specific 

- _ reaction. > 

To catalyze a reaction, the enzyme 
combines temporarily with its sub- 
strate. When the reaction is con- 
cluded, the enzyme and products sep- 
„ arate and 'the enzyme can repeat its 
effect on another ■ substrate molecule 
etc. . * 

27. Since 'the catalytic properties of an 
enzyme depend upon its unique form and 
Physical properties, then it follows 

• that its catalytic properties disappear 
- when its secondary and tertiary struc- 

'N. tures are changed. Such changes can be 
induced by heat, changes in pH, or 
chemical reactions. 

An enzyme which has lost its ability to 
catalyze a reaction is said to be de- 
natured. 



,28. Protein molecules often have other kinds 
r of material attached -to them. These are 
called conjugated proteins. 
EXAMPLES: ■ 

Nucleoproteins: composed of proteins 
and nucleic acids. 

Phosphoproteins: composed of proteins 
and phosphoric ac^d. 

' lipiS 0 ^ 1118 '' . Composed of Proteins and* 

. - Glycoproteins: composed of proteins 
> and polysaccharides. * '■ 



> • i.0. 



- PROTEIN STRUCTURE MODE L ~ 
• . "~ ~~ i * 

Review the handout on proteins prior. to examining this model. 

— — *~ • j . * * 

A protein consists of a sequence of amino acids- bonded together by peptide 
bonds. A simple model of a "short protein molecule- is available for your 
examination. Each amino acid is represented By. a wooden bead. How many 
ramino acids are in the short protein- model? How many different Amino acids 
are found in proteins in 'nature? , 

• : '*.*« " * 

Proteins are complex molecules' that may function in highly specific ways. 
For. example, proteins function-as enzymes} antibodies, ark hormones. The 
key to specificity of ; a molecule is fotind in the molecule V. structure. In' 
order, to understand the complex* nature of proteins wer must examine them 
on at least three different levels. * ' *' 



> — 



You have already examined a -short protein chain' model. Such a chain can' be^- 
'described with respect to the sequence of amino acids that make it up. The 
sequence of amino acids in a protein chain represents the .prima ry structure • 
of the protean. • / ^ f — ; •*• — 

All proteins arrange themselves in a particular -way in space that we call* 
the "secondary, staucture'*; Examine the second protein chain that has a 
twisted appearance. Notice .that this- chain curves in space in a regular 
manner as though the primary chain has been wrapped around a cylinder. This ' 
secondary structure of a protein is sometimes called the^alphavhelix. 

Some proteins do not have a level of organization that goes beyond the "sec^ 
ondary structure". However, a "tertiary structure" is always characteristic 
of enzymes and antibodies. A, tertiary leVel involves the folding and attach- 
ing of the secondary level protein back on 'itself in 'one or .mo? e areas, a" 
complex three dimensional molecule with a specific shape-ds the result. - You 
should now observe the v enzyme model £o see how the specif ic shape plays*, a v 
vital role in' the functioning of the protein. . 



. ENZYME MODEL . 
Enzymes are complex tertiary l£vel proteins with. specific shapes* One por- 



tion of th 
This -area 



e enzyme molecule ^physically "fits' 1 with the substrate (reactants). 
of* fit on the enzyme is called the "active site". • 



Observe the raodel- of the enzyme. Notice^tfe** i# has si complex three-dimension- 
al, shape. One portion of ,tthis enzym^is' capote of bonding with* the substrate 
molecules. Locate "substrate A" and attach* it to^the enzyme in the area where 
it fits best. Now locate "substrate B ,f and attach it to the' enzyme in the area 
where it fits best. Notice that ,A and B are attached together'. The enzyme has 
helped in the attachment by causing the two subs^r^tes to nieet' in the Pfqper 
orientation,. The. enzyme has thus facilitated (catalyzed^ the binding of A to 
B. Notice that the enzyme can now be removed .-an^ that it^tfas not changed in 
shape during the reaction* We can summarize the ^eacjtion in the following 



manner: A + B + Enzyme- 



AB Enzyme 



-r>AR + JEniyme 



22 



*2. 



_ as the has ™ wit of .structure. 

Some organisms consist of only' one cell * h ■ • 
blue-green algae and prists. or JJi!" CaS6 for bac ^ia, 

fously large numbers of cell* A h?l 0r f anisras are composed of treraen- • 
^0 trillion cells. !i S * A hUman » for «*»*le, is Composed of over 

• 



CSlls" exhibit tremendous diversitv 5^7. " I . ' ' 

components. The largest 1 ' Shape > Md kernel 

Eest cell is the nerve cell of a ill, T SSS of an ostrich. "The W 
extreme, millions of bJtiij'.J,^'""- 1 ? "f era). At the other '. 
red h?* ^ ° f hUIM distal «£d« each B1 **° .^poo*. Some calls, 

I ;r 0 • contain no nicie ' i ^4 t:r:„rer y -" u - ciei - *« : 

IT^'Sht ^tS^il actions p.",. 

:i^___Ii_____^^ 



Sg^^ to a^he 

tween the celLs internal and external environment ^^-^ S- . 
J-ne plasma membrane is m ade un'of u , * 

molecules with both polar and n Kn ° ^yer of phospholipids (i ipid 
imbedded in Portlo^oJ^ with proteins 

tt^%iTol^{ — — 3 H ch as ' 
molecules are- mWd through Jhe KlJf 0 f ^ ae «»>rane. Some larger 
borne mera brane proteins ac? as carriers T *^«™*i«.d 

process. 



ERJC 



?; All materials bounded by the *l*- n * < u 1 "~ • 

. Actively referred to as ^_^.- , »»»? <««• ~» contents? are'.col- 

" ^ — — — 



to^f h"e K Xt_"S?~' ~ "llectiV.lv' referred 

■ ■ . * 1 _» * 



Nucleus 



The nucleus is often referred to as the control center of the cei|Ll;. The 
internal nucleoplasm , surrounded by a double membrane, consists bf the 
genetic material, protein-coated D;JA, and a structure called thetfnucleo- 
lus which produces RNA. ' '* " * S f * 



Cytoplasmic Organelles ' 

** > 
EndoplasnyLc Reticulum * 

The Endoplasmic Reticulum consists of layers of flattened vesicles which ^ 
transport protein and perhaps othe-r molecules* When the* Endoplasmic Ret- 
iculum has Ribosomes attached to its* membrane, it _is called Rojugft E R. J * . 
Without ribosomes, it is referred to as Smooth E R. * < A * 

An abundance of Roujh E R is found ir\» cells which synthesize protein for 
export. Smooth E R is believed to be involved' in^the production of ster- 
oid*molecules (estrogen, Cortisol, etc.)* 
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Ribosomes ^ 

Z ■ . ■ > * 

These are spherical structures on which the assembly of proteins occurs. 

Ribosomes are often attached to the endoplasmic* reticulum. ■ They also 

exist; freely in the cytoplasm, often as long chains of goly ribosomes. 



Gblfli complex 



The Golgi ..complex consists of layers of flattened vesicles' whose ends *u?e 
rounded. Protein is believed to be stored and .concentrated here, confined 
within th^ vesicles that bud^off to stream through the cytoplasm. 



Mitochondria 

— ■ a V 

The mitochondrion is often called the powerhouse of .the cell. Large amounts 
of high energy adenosine triphosphate molecules are produced in each mito- 
chondrion during a process calledycellular respiration* 

Mitochondria are sausage-shaped structures, each of which h#s an outer 
smooth membrane surrounding an inner folded membrane. The folds on the 
inner- membrane- are called cristae* A fluid matrix separates the cristae 
from the 6uter membrane. ~ , 



Vacuoles 



Vacuoles are membrane-lined containers* consisting or various compounds. 
In most, plant cells a fluid filled vacuole occupies much Qf the internal 
space. In some cells f ^vacuqj,es are formed when the outer pi«isrna mem- 

t brane engtfftfs material outside the c^ll and 4;hen inwardly pinctft*^ off 

; from the main cell membrane. 



Lysosomes . ' * . 

Lysosomes are membrane-bound containers of enzymes. Lysosomes often 
merge with vacuoles, holding foreign material or cell debris, and dis- 
integrate the contents.- Digested contents are usually ejected through 
cell membrane, h lysosome may also destroy an entire cell when it 
bursts and releases its .contents. 




Centrioles * . , - 

Cen^rioles aj*e a pair of barrel-like cylinders tnat appear to pro- 
duce asterj^ and spindle fibers during Jzhe division of animal cells, 
* Chromosomes movie along the spindle fibers during cell division. 



Chloroplasts 

— m ■ J> V * 

Chloroplasts are disp-shaped structure^ found in photosynthetic plant 
cells* From one' to three hundred chloroplasts may' be found in a single 
plant cell. Photosynthesis occurs within the chloroplast. 




BIOENERGSTICS 



1. 



Ene^r has become a "topic of paramount importance during recent years 

mor di Tr^lT 1 I?™' ° f , Wnarating materials^ becoL l . 
more difficult to pbtairf. We are all concerned about the ""energy cri- 
sis' and yefmost of us would have difficulty defining- the word-energy" 
in a precise way. Energy, to the Scientist, is simply defined as the 
capacity to do work . ^ - 

2. Enersy car be stored in .the chemical bonds-of molecules.. Such stored " 
■ S,L^l?SS,«- fts «^?»- *» sasoline. have poten. 



. . n — — «■ siii - ^^«m-^o xxi kci£3ujl xne . nave poten~ 

SfmS^??" ' C0mbuSt ^n occurs in a gasoline engine the bonds among- 
the molecules are rearranged with a resulting release of energy which can* 
do work. Energy that is released to do work is called icinetif e^ergt . 
Thus when gasoline is burned, potential energy is converted^ HSeUc ' 
energy, which Is then used to do work. . « ' * ineilc 

•.^i?! ^ y ° Ur , b °u y d ° eS n0t -rUR ° by the ^bustion of gasoline>^our 

in iiSh I'tiZ 0 'l°T e n r ' iS ? aSed ° n a Similar emr & transformation ' 
in which a high eneifer. biological Tnolecule called Adenosine Triphosphate 
releases energy thar allocs the organism to do su ch things as contract ^ 
muscles, transmit neural impulses, move molecules across cell membranes, 
_ and synthesize complex molecules. , ' . \ 

— ! .-. '• ^ - \ 

, Jhere are two laws which relate to energy. These are referred to as the n 
first and second laws of thermodynamics.^ 

The first law W thermodynamics states that energy can be changed-f rom * 
one form to another (for example, ■ f roar light to heat), but cannJt be 
created br destroyed-. • - [ 

The second law of thermodynamics stakes that all processes in the universe 
operate in auch a.ttey that disorder (Entropy) is increased. Another way* 
■ of raying this is that things naturally tend 'to fall apart and become less" 
organized. *. 

The implications of these two laws are- vast in terms of the functions of 
living things, but_ the net result is basically the following: (A) There ' 
■fust be a constant input of energy into a biological system to keep it 
functioning, and (B) Organisms -must use- energy to work against the sec- 
ond law of thermodynamics. Ultimately all organisms lose the battle 

•against the-second law, but- while 4e are alive our bodies .are constantly 
using energy to maintain our complexity through processes such as the 

Constant building, of -new cells and tissues.' 



rh/i 



-f- 



^. Thi 'ultimate Source of energy on earth is the sun.' The radiant solar ' 
energy is changed into usable forms, of chemical energy by those "organisms 
which can do photosynthesis. The phbtosynthetic organisms (plants some 
Protists some bacteria, and blue green algae) are called augSophs 
(self feeders). Autotrophs use- solar energy to convert en ergy poor ' m ole- 
- oxVgen); ^J-ter) into energy rich molecules glucose 2d 

Those organisms that cannot do photosynthesis are called heterotrophs * * 
. ( other feeders),. Heterotrophs must consume autotrophs either directly 

'" .26 '" - "•" 



(as plant food) or indirectly {as meat) in Arder to survive. 
Thus, we have a one way flow of energy from the sun to the autotrophs 
and then to the heterfotrophs. This energy is no't recycled because at 
tho-*eterotroph level it is ultimately lost as work done on th\Tin~vi- 
ronment. We can diagram»our energy flow in the following way: 



rSun 




Radiant 
En* 



Photosynthetic 
Cells 




Chemical JT eperotrophic 
Energy * <^Cells 



♦ Work Done 
*-on the 
Environment 



5. 



Adenosine Triphosphate, or ATP for short, is the primary high energy 
molecule that is" used by living things to do work. Observe the-mbdel 
of ATP in the classroom and note that it is composed of three parts: 
a nitrogenous base, called adenine, a sugar called ribose and three* 
phosphate groups (triphosphate). The last two phosphates are attached 
by "high energy" bonds. When these bonds are broken, large amounts of 
energy are released, energy which is available to do work. The over- 
all release of energy can,, be summarized in the following way: , 



High ' 
Energy 



Energy 
for 
VJork 



ADP 



Phosphate 

Lower*^ 

Energy 



ADP {Adenosine Diphosphate) is a lower fenergy molecule. ADP can be 
recycled back to ATP by reattaching a phosphate. This recycling back 
to ATP is an "uphill" reaction and requires^: input of energy. The 
energy for the production of ATP is provided by the breakfovn of food 
molecules. * • * 



Th 



e following is a summary of the ATP cycle: 



Energy from ' 

j 4 Food fcneakdown 




t 



Work 



.Muscle Contraction ^ 
Synthesis 1 of Molecules 
Transport of ""Molecules 
Transfer of Nerve 
Impulses^ Etc. 



"Discharged" 



ATP is generated in cells b,- the breakdown of complex food molecules" ' 
into simpler molecules. The process of ATP production Evolves a step- 
vase series of enzyme . catalyzed reactions,, .which result in a very effic- 
ient production of ATP. , ' . • > 



ERIC 
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7. A process caUed Glycolysis is the primary route of food breakdown 
. Digestion of foods provides the six carbon sugar, glucose, tf beg?ri 
the process of glycolysis. . . ^ 

'S?2 8 n/J br0 * en do ^ *» * series of eleven reactions to two mole- 
cules of Pyruvic Acid. 

iTthf^nf ll ^ mUSt initiail y be to begin glycolysis, but 

TnJ JhSJ ? f 00688 ' fOUr n6W molecules ^ve been synthesized. 

ST* 1 1 - \ "J* ° f tW ° ATP ' S for ea P h 'gl^ose molecule brol 

Ken down in glycolysis. 

In addition, two molecules of reduced NAD are produced. These can 

- be used m another part of the cell for the further production of ATP. 

Glycolysis is an anaerobic process (without oxygen) which occurs in 

' aciYi y f° P ^ ° f *5 e Cel1 ' n "** lead to Station *f pyruvic 
1 LT\ 1S temporarily or continuous^ unavailable.* In some 
organisms, such as some bacteria and yeast, fermentation leads t<K 

feLll °, ! ? °l ^ * hi S he r f°rms, such as humans, 

fermentation leads to the accumulation of lactic acid. 

In order to appreciate the steps involved in glycolysis, be sure to 
' ' structor ClaSSr °°™ m ° a ^ S which ?™ can obkin from youTS- 

8# x2ldT^« Si 3^ £ US6S the Pr ° duCts °' f g^olysis (pyruvic 

VMid) ^ produce additional ATP, reduced NAD, and a third high energy 

• lllTf 6 Ca ^ le V educed flavoprotein (FP). in addition to ^ruvic ^ 
ZlV T^° ly t 1Si ° ther raolecules . «uch as amino acids aid pro- • 
dac.ts of lipid metabolism, may enter the Krebs" cycle at various Mints 

- and contribute to a further- production of the high ener J modules 
generated' in this cycle. *sy moiecuies 

The Krebs cycle is. an aerobic reaction (oxygen requiring) and. occurs 
within the matrix of the mitochondria in Xkaryotic prga^s, 



9. The e^ctron transoprt' chain .(cytochrome system) usesShe reduced NAD 

rajs s^^m&sk s Mr 4 ro 

occurs along a series of cytochromes until, ultimately, oxygen acS as 
- S^tl^ «E °* ^ * tt Hydrogen^t^ 



~n V release of energy at each transfer of electrons with hydro- 
gen from one cytochrome to the next. If is- this released energy thlt 
is used to synthesize additional ATP molecules. • 

The cytochromes involved in the elpctmr t- a „'„ u . • »• 

wise transfer of. electpons^tn^S^i. 1 *' 060688317 f ° r the Ste P" 



10. We can summarize the cellular production of ATP molecules (cellula- 
respiration) with the following overall equation: 

Glucose + Oxygen > Carbon Dioxide + Water + Energy CATP) 

SflJM^J? 1 iS - a tremend0US Wificatibn, as you are now aware, 
and it is worth reviewing where the reactants are used and how the pro- 
ducts are generated. * 

GJ^cose is used at the very beginning of cellular respiration during 
glycolysis wi thm the cytoplasm. • s . 

\ Oxygen is used at the end of cellular respiration when it acts as the 
final electron acceptor in the electron transport chained combines' 
with hydrogens to form water . 

Carbon Dioxide is generated during a step leading from glycolysis to ' 
the Krebs cycle and in the Krebs cycle itself. 

•I 

ATP is generated in all three parts of cellular respiration. The ac- ' 
■ t tual number of ATP molecules generated from the breakdown of one glu- 
cose molecule is variable, with a maximum number being about 38 ATP's 
per glucose. . If 38 ATP's are generated, two were produced durinr Gly- 
colysis 2 in the Krebs. cycle, and ^ in the^ electron transport chain, 
ihus, the bulk of an aerobic cell's ATP molecules are generated during 
the last phase of cell respiration. 



11. 



Cellular respiration with' the high energy molecule^glucose and" results 
in the production oS usable energy molecules (ATpWus 'the low energy 
molecules carbon didxide and water. Cellular respiration thus requires 
a continual input of complex food molecules. The origin of high ener- 
gy food molecules rests on the ability of plant and other" autotrophs 
^to use sunlight as a source of energy for synthesis. 

' Autotrophs do photosynthesis. .An. overall equation for photosynthesis- 
is the following: - J 

Carbon Dioxide + Water' + Sunlight > Glucose + Oxygen 

In higher plants photosynthesis occurs within the chloroplast where a 
pigment called chlorophyll acts as a light receptorT 

12. Photosynthesis occurs 'in two major stages. The first stage is called 
* the light reaction. The light reaction occurs in the -granura of the/ 
chloroplast. Review the chloroplast structure by observing the clZss- 
room model. ( • ° 

In "the light reaction, units of light energy drive the electrons from 
the chlorophyll molecules. These electrons are grabbed by. an electron 
acceptor. Chlorophyll, at the same time, replaces^ its lost electrons 
. . by tdkmg electrons from a water molecule. As the water loses its 

electrons, if ia split into hydrogens-and oxygen. The oxygen is then, 
released. Electrons are transferred from the original 'electron accep- 
a ;L a . SerieS *° f electron acceptors which are embedded in the Kranum 
and ATP is Wd. Ultimately the electrons are accepted by motEIr 
type of chlorophyll. When the second chlorophyll is hit visits of 
light energy, it too transfers 'its electrons to an electron acceptor. 
These electrons are used to form reduced NADP. 
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13. 



The dark reaction , the second stage" of photosyntheses, occurs within 
the stroma of the chloroplast. The dark reaction involves a cydLe in 
which Carbon Dioxide is combined with a molecule called Ribulose Di- 
phosphate . ; In a series of energy requiring steps, with the en"e7gy~ 
being provided by the ATP and reduced NABP generated in the light re- 
.action, a product called Phosphoglyceraldehyde (PGAL) is produced. 
PGAL can be used to synthesize Glucose or other important molecules. 
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CELLULAR RESPIRATION 

v 

9 

This is an overall diagram of cellxilar respiration. There is a legend to the 
diagram in the upper right hand corner* To begin, familiarize yourself with 
the legend, t 

The actual diagram begins in the upper left hand corner. J 

The name of the first part of cellular respiration is glycolysis, and, in order 
to see the overall steps, follow the diagram from th* upper left downward to the 
lower left corner. * „ ~ 

— ■ . 

Summary of Glycolysis 

Glycolysis begins with the six carbon sugar glucose and is a series of eleven 
steps (these steps aire not illustrated individually on the diagram). Glucose 
is broken down into two molecules of pyruvic acid. 

Notice i as you proceed from glucose that two types of high energy molecules are 
produced - two ATP's and two NAD red. These four high energy molecules represent 
the net gain from glycolysis. 

In organisms which breathe oxygen, the pyruvic acids will then be used as initial 
reactants in the second part of cellular respiration, the Krebs Cycle. 



Each/pyruvic acid enters the Krebs Cycle individually, so everything that follows 
will happen twice for each glucose and once for each pyruvic acid. 

In order to observe the Krebs Cycle, proceed to your right, to the center of the 
diagram. 

Notice as you go from the pyruvic acid toward the cycle, that in the next step, 

a carbon dioxide is formed. Also in this step, a molecule of NAD is reduced. The 

three carbon pyruvic acid ihus leads to a two carbon molecule (an acetyl group), 

since a carbon is removed in forming carbon dioxide. The acetyl group combines 

with a, molecule called coenzyme A to form acetyl coenzyme A. 

The role of coenzyme A is to facilitate the movement of the acetyl group into 
the Krebs Cycle. At this point, acetyl coenzyme A enters the Krebs Cycle. 

The two carbon group combines with a four'carboh molecule called ^oxaloacetic 
acid. This results in the formation of a six carbon moleculS called citric acid. 

You should be_ following the cycle in a clockwise fashion. Notice that as the 
Krebs Cycle is entered, coenzyme A is released back into the cytoplasm. 

In the Krebs Cycle, a series of reactions occur leading from citric acid ultimate- 
ly back to oxaloacetic acid. In the next step t citric acid is changed to keto . f 
glutaric acid (a five carbon ,group). Notice that in this step carbon dioxide is 
released and a reduced NAD is formed. Keto glutaric acid is next changed to suc- 
cinic? acid (a four carbon group). During this transformation the following are 
produced: "NATP, a reduced NAD, and carbon dioxide. 

Succinic acid is then changed to malic acid (a four carbon group). In this stfep 
a molecule of reduced^FAD is formed. In -this last step of the cycle, malic acid 
is changed to oxaloacetic acid (a four carbon group) , and in this step a re- 
duced FAD is formed. -.This completes one turn of the Krebs Cycle and it will 
turn once fos each pyruvic acid entering the cycle. - • ' 



The final part of cellular respiration is called the electron transport chain . 
This is arranged in a diagonal fashion to the right of the Krebs Cycle arid 
^elovr the legend* Begin at the top >rith reduced NAD. In the electron trans- f 
* port chain, the reduced NAD's and the reduped FAD produced in the first two 
parts of cellular respiration are used to 'synthesize ATP's, This occurs 
through a series of oxidation reduction reactions. Beginning at the top, re- 
duced NAD becomes oxidized by transferring electrons and hydrogens to the 
next molecule in the chain which is FAD, Notice that sufficient energy is 
released in this reaction to produce NATP, Next FAD transfers electrons . and 
hydrogen to a cytochrome. This cytochrome then transfers elegtrons and hy- 
drogen to the next cytochrome. In ttie second transfer, enough energy is pro- 
duced; to synthesize an ATP, This is* followed by another transfer to the 
next cytochrome and to another, Irw this last step, again enough energy is 
released to synthesize another ATP, Finally, at the # end of the electron trans- 
port chain, elegtrons art* hydrogen are passed to oxygen, thus reducing oxygen 
and forming the final product of respiration, water. 
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MITOCHONDRION MODEL 

« 

Aerobic cellular respiration occurs in three phases: Glycolysis, the Kreb«s 
Citric Acid Cycle, and the Electrpn Transport Chain (Oxidative Phosphoryla- ' 
tion). In eukaryotic cells, glycolysis occurs in the cytoplasm while the * 
Kreb's cycle and the electron transport,. chain occur in the mitochondrion. 

The mitochondrion is a complex organelle with two distinct membranes. Exam- 
ine tYje model of , the mitochondrion and notice that its shape is somewhat like 
a cylindrical loaf of bread. Of course,' the organelle is actually much small- 
er than the model. In a typical cell, a mitochondrion is about the size of a 
bacterial cell. , * 

Notice that^the model has a smooth outer surface. Inside the mitochondrion 
there is an extensively folded inner membrane called the cristae . Locate this 
inner membrane in the model. Surrounding the inner membran^ there is a fluid 
called the matrix. x ' 

The Kreb's cycle occurs in the matrix, while the electron transport chain oc-1 
curs on the cristae. Refer to the Cellular Respiration Handout for further f 
information. 



\ 



r 



33 



DNA 



1. 



2. 



3. 



Deoxyribonucleic jicid (of DNA) is ..the molecule of heredity. DNA- 
belongs to a group of macromolecules called nucleic acids. In the 
cells of humans and otMer eukaryotic organisms, DNA is found with- 
in the cell nucleus. 



Since DNA is essentially a strand of genes that codes for all the phy- 
sical traits of an organism, one would suspect that tW must be a very 
complicated molecule. -A remarkable f eature 4>f DNA turns out to be its 
simplicity. • • \ 

i . 

DNA is composed of four different 'types oFmolecules called- nucleotides. 
Each .nucleotide, in turn, consists of three parts: a nitrogen contain- 
lng base, a sugar called deoxyribose, and a phosphate. A generalized 
diagram of a nucleotide is illustrated below: - 





.p 




s 


B 



All four, nucleotides have the sugar and phosphate in common. They dif- 
fer With respect to the nitrogen bases. 

There are " two larger bases, called purines,- Adenine and Guanine. A gen- 
eralized diagram of the overall shape of these two is illustrated below: 




•The two smaller bases, called pyrimidines, are Cytosine and Thymine, 
diagram of the shape of jthes* two is illustrated b'eloW: — " 



-1 



A DNA morecule consists of two parallel strands of nucleotide chains * 
Each individual strand is made up of a series of individual nucleotides 
linked at their sugars and phosphates in the following way: 
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The two parallel nucleotide chains are connected base to base^by 
weak bonds (hydrogen bonds) in the following way: 
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.Note that each base pair_always has one large base /purine) paired 
with one small base (pyriraidine). In addition, "because of the way in 
which hydrogen bonds can form, Adenine always pairs wi^ Thymine and 
Guanine always pairs^with Cytosine. The fact that A goes with T and" 
G with .C is known as the- DNA base-pairing~rule.~ 



If you can picture. DNA as a ladder, "then you can view each rung of th 
ladder as a base^ir. The outer supports (sides) of the ladder are 
made up of alternating sugars and phosphates. * * • 

Imagine that the DNA ladder is" twisted around a very long cylinder 
.tou would have a double helix. »Such a representation fairly accurate- 
ly depicts the arrangement of this molecule in space, - " 
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As the molecule of heredity', it is essential that exact cooie, 'Sr mi 
can be easily .produced. Imagi-ne the DNA double helix unziooK/Lr 
^idts'.rfh"'^ b f ePairS ' f0ll0l ' ed b * the atta Le„T fneS n'cleo 
SJ v S o"d lYu^ S h^'o^UtttSfr 40 /" 6 baSe r iri " S ^ 0s! 

T h i ; .dupucatio^ of^r^fctt^Tin; s^xrasr- ■ 

s V Strat^et^ £S °^t"- - ^ °< ""A ^ca- 



DNA AND - PROTEIN SYNTHESIS 



^L ! ,^f^- n !-^ h , e - heredltary material . ultimately determines- the 
traKfs of a>W N idual. The idea that this one type of molecule can 

if 7 SU w? a Slngular role in determining our characteristics is .remark- 
able. What is still more amazing.' is the manner i» which DNA affelts 
these traits.. DNA functions by coding for^ the synthesis of proteins. 



2. 



proteins can be grouped into two categories, enzymes and structural pro-' 

Enzymes .are organic catalysts which are critical to 'the smooth operation 
of living systems. Enzyme synthesis (under the control of DNA) is one 
of the most fundamental processes carried on by living cells. - • 

Structural proteins play vital roles in the composition of living tissue. 
Muscle tissue, citla and flagella,* and protein components of cell mem- 
branes are, examples of areas within the organism v*ere structural proteins 
Play important roles. ,The production of each par&cular type of struc- 
tural protein is controlled by the DNA. 



The DNA (deoxyribonucleic acid) is found in the nucleus of the cell, yet 
protein synthesis v occurs outside the nucleus on Ribdsome s within the cvto- 
plasm. ..Molecules of RNA (ribonucleic a'cid) carry a transcribed genetic ' 
message from the DNA to the ribbsome, where other molecules -of RNA func- 
tion in the actual assembly of the protein. '. ' ' 




•R^A-is a secortd.type of nucleic acid. RNA differs .from DNA in that it has 
the base Uracil instead of the base Thymine (U pairs with A during" base 
pairing. J, the sugar ribose instead of deoxyribose, and in that the RNA is 
usually a single stranded molecule .rather than a double helix, l^ke DNA. 
There are three types of RNA. ' Ribosomal/jkNA iW the ma jo*', structural com- 
ponent of ribosomes. Messenger RNA functions, in carrying the genetic ^mes-. 
sage from. the nucleus to the cytoplasm. Transfer RNA brings amino acids 
into position on the ribosome^ during the construction of a protein. 

~' ~ — : — ~ — — — r- — — 

The process of protein synthesis begins when a portion of the DNA double 
helix unzips to expose a gene.- -On this level of genetics we will consider 
a gene to be a segment of the DNA that codes for one particular protein. 
Suppose that the DNA illustrated below contains our gene- 
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PalrS ^ ¥ ^gen bond, 



One .side of the -exposed "DWA. th«n»« ... 

tion of a strand o^mej^. MaTImaT £* °° de for th « 

JJJW nudeotides in the ^ieopW pa lr „ p „ lth the - ^ ^ 




are broken and the gene is • . 




The RNA nucleotides then f^rm t/ . ' * 

messenger RNAT* ' ^ ™ ^S^which result in one strand of 
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The production of a strand of messenger RNA on the DNA template is 
referred to as transcription * 




o,v The strand of raRNA then leaves the nucleus and attaches to a Ribosome'in 
the cytoplasm: #• ' . 

Cell Boundary - ■ > 



r A* length of messenger BNA consisting of six bases will fit on the 
ribosome at one- time: * * 



When the messenger RNA is iii such a 
position on the Ribosome, ' it is pro- 
perly oriented for- protein synthesis. 
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Eaqh' set of three bases (triplet) is the RNA code for a particular amino 
acid* E^ch of ■ these triplets is called a codon. , 

There, are 64 possible codons, but only 20 different amino aci<ls. The 
■code is therefore redundant in thatf* several -aminp acids are coded for in 
more, than one way,. In addition, there are threte' termination codons which 
stop the production of a -protein. Possible codons and* the amino acids 
;or wfiich they code are in the following table: * 

• * r 

SECOND LETTER _ * ' 
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V/ithin the cytoplasm of a cell there are free amino acids as well aS 
molecules of transfer RNA (tRNA). There are at least as many different 
types of tRNA as there are amino acids, and each different tRNA mole- 
cule has an affinity for only one amino acid* 

The tRNA molecules have a shape something like a cloverleaf. One por- 
tion of the molecule has an amino acid binding . site , while at the base 
of "the molecule, there is a -set of three abases called an anticodon . A 
generalized tRNA molecule is illustrated below: 



— Amino Acid 
Binding Sit* 



Anticodon 



v 



AUG 



Amino acids attach to specific transfer RNA molecules in an -fenzyme cata- 
lyzed reaction. Once the* transfer RNA, molecules have their amino acids 
in tow, they are ready to participate in protein^synthesis. * 
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You will recall that there are two messenger RNA codons in position on 
the ribosome. Various transfer RNA molecules, with their amino acids in 
tow, randomly contact the exposed codons, but no attachments between the 
two RNA molecules occur unless an anticodon pairs in a complementary way 
(according to base pairing rules) with a codon. When a transfer RNA with 
an anticodon that is complementary to a messenger RNA codon comes into 
position, hydrogen bonds are formed between the matching bases. The hy- 
drogen bonds hold the transfer RNA in position. This codon-anticodon 
pairing is illustrated below: - ♦ 
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UoJfJ! 2?* C °^° n AUQ is c<fln P le ^ntai7 with the anticodon UAC. Also 

notice that the, codon AUG codes for the amino acid methionine (sVore! 

pos°itiot ° Ur tranSf6r ^ has Wt that^mino aS P "to 

Jed^loSf ^ n6Xt COd ° n attra '" S the a PP ro P" at ^ tRNA as illustra- 




At this point, a plptide bond is formed between the two adjacent amino 
acids in an enzymo catalysed reaction: 




The first link^Ln our protein has been formed. The transfer RNA 

The messenger RNA, with the second transfer RNA and its dipeptide "still 
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attached, now moves one codon down the ribosome. 

|^al\ (met) 




'ond peptide bond is formed: 



..comes into position, and a sec 

Peptide / 
Bond 
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Mow we have a chain of three amino aoidalinked'together. 



SownTt^ia"" 8 ** m "* *»*'• P"*** is 
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The steps ojf translation, outlined above, 'will continue until a termi- 
nation SoJkJn ( stop in the table) causes the completed protein to"" be 
released. . 

# 

In most cases the messenger ,RNA moyss from one ribosome to another and 
leads to the synthesis of many molfetfules of the same protein. 
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, PROTEIN SYNTHESIS MODEL 

In order to appreciate the manner in which DNA codes for traits it is worth- 
while- to simulate the process with a model. You should review the handout on 
protein synthesis and have that handout available as you work with the DNA /pro- 
tein synthesis materials. . 

Begin by organizing the model building materials. It may be helpful' to separat/ 
each different type of component into an individual pile. * / 

t* • 

Your first. goal is to construct a single nucleotide. Take a deoxyribose sugar 
and attach a phosphate on its left as illustrated: 




Now attach a DNA base (A, T, G, or C) to the right of the deoxyribose sugar as 
illustrated: 




You have now constructed a -nucleotide. Construct eight more' nucleotides usin* 
bases of your Qhoice. 8 

v 

Now attach your nucleotides- together from the phosphate of one to the deoxyribose 
sugar, of the next. .Connect all nine nucleotides. 
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Example of connection 




You have npw completed one half of a DNA ladder. ' ^ou may now build the other side. 

Recall that there* are complementary base pairs in DNA. The ?? A n < base always p^tirs 
with a "T» base in DNA, and the "Q» Base always pairs with a base.' - Build the ^ 
other side of ypur ladder according to the base-pairing rul^s. 



Example of tt£o matching sides: 



J 




II Q U 



\ 



as<3qxaXxoac[ 

c 



Your co-ng^feted DNA model should appear like a .ladder with base pairs representing 
the rungs, and the sugars and phosphates forming the outer supports. 
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You will now accomplish the process of transcription. Build a segment of messen- 
ger RNA along one side of the DNA. The construction of the mRNA is similar to 
the construction of one side of a DNA ladder with two important differences: ' 
.Ribose sugar is usedij^ea^ of deoxyribose and the base' Uracil (U) is used in- 
stead of Thyraine^)T Your inRNA should be complementary to one side .of the DNA 
and should be nine nucleotides long. 

Once you have completed the transcription of rhRNA you are ready to begin the process 
of translation. Place the raRNA on your ribosome so that six nucleotides (codons) 
are in position. Each unit of three nucleotides acts as a codon by determining a 
specific amino acid that will be brought into position. ' Read your three colons and , 
determine the three amino acids that are being^coded for (use the code table in the- 
DNA/Prcfctein systhesis handout). Find the amino acids that you neqd and . the three ' . 
transfer RNA molecules that match up with them. Attach the amino acids to their 
transfer RNA molecules." Place the appropriate anticodon letters on the bottom por- 
tion of your transfer RNA molecules so that each anticodon on a tRNA matches with 
a codon on- inRNA. 1 

You now have a completed model. At this point you should work through the DMA/Pro-- 
tein systhesis handout step by step, manipulating the model as you read. You should ' 
be able to work through to the end of translation and 'complete a protein that is 
three anino acids long. m > 
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CELL DIVISION 



•INTRODUCTION . • , ^> " 

• * 

~A long time ago you first came into existance when a sperm cell from your father 
combined with an egg cell in your mother. At exactly that point in time you became a 
one celled zygote. * Subsequently, following many cell divisions, and a great deal 
of differentiation, you became an embryo, then a fetus, and finally an individual 
capable of free existance. , 

Today you, exist as a human betng composed of several billion cell^T Some of^ 
these cells will exist throughout your lifetime, othfrs are being replaced at 
rapid rates. A remarkable characteristic of the <ftlls which make-up your stnucture 
is .that they are all genetically identical to one another and also genetically 
Identical to the cell which marked your very beginning (the zygote)/ Y our cells 
share identical genetic information (with the exception of sex cells, and perhaps a 
few body cells which Have undergone slight mutations) due to-~the very precise 
manner in which new' cells are created. This very precise type of cell division is 
called mitosis. * j 



THE NATURE OF THE GENETIC MATERIAL AND MITOSIS 



The genetic material which leads to the expression of your hereditary traits 
is found within the nuclei of your cells. This genetic material is called deoxyribo- 
nucleic acid, or DNA for short. 

Cells pass on their DNA in a precise manner during cell division. Precise 
transfer of genetic information occurs, because the DNA Is packaged by the cells into 
structures called chromosomes. You have 46 chromosomes in each of your body cells. 
23 of the 46 chromosomes came from your tftother and the other 23 came from your father. 
The traits which cahracterize you are coded for by the-DNAron your 23 pairs of 
'chromosomes. * 

Your instructor will discuss the genetic materialin more detail during your 
lecture. The most important concept for you to underetand at this time .is the way <• 
in which the DNA is passed so precisely from one cell generation to the next 
during mitosis. In order to understand mitosis you will worfc with some cell and^ * 
chromosome models in the classroom. 

TERMS OF IMPORTANCE 

Chromosome: a structure within cells which consists .of DNA and protein. 

Chromatid: one arm of one chromosome. 'The two chromatids of one chromosome have 
identical genetic infortifction. - 

# * 

Centromere: the connecting point between the two chromatids of a chromosome. 

Chromatids separate at this point during mitosis. * 

* 

Homologous Chromosomes: pairs of chromosomes which code for the same traits, one 

from ^eachoa rent. * *• ft 

T i . # jf 

Gene: a portion of a chromtfome *tiat codes for a trait. 




• \ 



the stages of mitosis 



Interphase: ^he time between. mitotic cell division.. _.pw,As unwrapped into long , 
strands iymch a manner that chromosomes are not evident; 

ZS""^ r^Sr 1 :, 0 ^^;^ 8 ' Chr °— ™* t0 «™< «b«. and - 



Metaphase: Each chromosome splits at the* /C entromere. Chromatids are separated. 
/ Anaphase^ Chromatids migrate toward opposite aides of the cell. 
V, Telophase: Two cells .recreated from the one original. Each cell has the full 

rZ other m° STE* butesch chromosome has Just one arm (chromatid). 
The other arm will be replicated during Interphase. ' 
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CHROMOSOME MODEL DIRECTIONS 

This is a model which shows the structure of chromosomes. In order to study 
this model, begin on the .bottom left hand corner, where you will find very small* 
two-sided structures which represent chromdsomes. There are k& -such structures 
S i/TS b0dy C,U- „ T , he 4,P u rP ose of this model is lo show. you the probable make- 
up ;of a. chromosome. We know that chromosomes are composed of protein and J)NA 
Uhe molecule of heredity). The exact mannejvin "which DNA is- arranged in the chro- 
mosome is not known with certainty. Howeve£ this represents the currently accept- 
ed hypothesis. x v» 

r . 

In order to observe the chromosome in an enlarged way,' proceed from the bottom of " 

^agram towardsthe top on the left hand side. Notice that as you proceed, >ou 
find larger and larger chromosomes, and as you observe one of .these larger exam- • 
pies,, you should find that it consists of two sides connected at one point -This 
connecting point, which is at the center on this model, is called the centromere. 
Each arm of the chromosome is called a chromatid. Thus our. chromosome consists of 
two chromatids connected at the centromere. 



The DNA is arranged in this way so during the process of mitosis, equal and exact- 
ly the same amount of DNA can be passed to two new cells. 

The current hypothesis is that DllA is very tightly coiled in the chromatid. Basic-^ 
ally, there are at least- two levels of coiling. This- can.be observed by looking, 
at the chromosome in the Upper left hand corner. Notice that each arm* of the chro- 
mosome is represented now by, a coil. Now proceed toward* the right and we will dis- 
sect one of these coils. Notice on the right hand side of Aha diagram that there 
is a ladder that represents "the DNA double, helix. Observe how this is tightly 
wrapped to form a co'il in one chromatid, fit is believed that ea*h chromatid may 
simply be. one long strand of DNA. V ^ * ' J „ 
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BASIC INHERITANCE 



The features-that an individual possesses are du*, in great part, to the genes 
that have- been inherited from parents. The study of patterns of~inheritance is 
called gene tics . „ 



In the study of genetics certain terms are frequently used. The following are 
some of the most common terms and their definitions: * 

Gene: a region of a chromosome that can be identified as having a role in the 
development of a trait. (A more, precise definition based on the function of the' 
geneticfcaterial, DNA, will be given later.) „ - 

Howolofipus chromosomes ; ~ members.-of pairs of chromosomes -which are identical in 
shape an<hsize. . , 



Alleles: alternate forms "of genes at specific sites on homologous" chromosomes. 

♦ 

Dominant .allele: the allele of a pair which is expressed while the other is 
hidden or repressed. 

Recessive allele : the allele which is not expressed. , . 

-Homozygous : having pairs'of genes, present at the sa^ie location on homologous 
chromosomes whicfc are identical. 6 

Heteronymous : having paiVs of genes present aj* the same location on homologous 
chromosomes which are alleles. " . « 6 

P . - ' ' . * 

• Phenotype : "an observable trait. 

* - 

Genotype : sets of genes considered the hereditary cause of a phenotype. 

. * 

In humans, patterns of inheritance are based on the fact -that an individual re*^ 
ceives a set of chromosomes (23) from each, parent. The resulting ^6 chromosome ) 
-complement consists, of 22 pairs of homologous autosomes and two Sex chromosomes. / 
For a given pair of homologous chromosomes, genes coding for the same traits / 

SfLr^^he^amr 11 ^ "* *** ^ ^ ^ 




The following example will help to illustrate simple inheritance" in action. 
Erythroblastosis fetalis (Rh baby) is a condition that may result df a woman who 
has an Rh negative^ genotype mates with a man who has an fih positive genotype. ?f 
an Rn negative woman is pregnant with an Rh positive baby there will be some miv 
mg of the baby's and th^othfys* blood at the time of birth. SL^nTSt?? 
fS? 6 ^° f th * blo ??»' the mother-'s body will synthesize anti-Rh" antibodies. Such 
antibodies will attack and destroy Rh positive blood cells.- A_Yirst Rh -msitive 
baby will. not be affected, but ^.subsequent pregnancies there will be a^er 
of destruction of red 'blood cells in an infant following the mixing of bloSf at 
birth. Such a damaging situation can be prevented if, if is known that the mother 

TJkL t tl V \Z *° r l ^ Children « Thus « understanding of the inner! 

lta^ce of the Rh factor is important. 
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The Hh fclodd factor (Rh positive) is controlled by a dominant gene, while the 
absence of the Rh factor (Rh negative) is controlled by a. recessive gene* The 
following are the possible genotypes and phenotypes for Rh: 



Genotype / * < ^Descriptive / Phenotype 
\ Name of Gfinotypfe - 

++ - Homozygous Dominant Rh positive 

+ - Heterozygous . • , v Rh positive 

Homozygous Recessive Rh - 

Suppose that a man who is heterozygous Rh positive marries a woman who is Rh neg- 
ative # What are their chances oi having an Rh baby? 

During the producjj^on of sperm (meiosis) the man's k6 chromosomes would separate 
into two sets of^23yach* One set would have the chromosomes with the Rh positive 
allele and the dthej/ set would ha^e the chromosome with the Rh negative allele* 
Thu^ t the man (because he is heterozygous) can produce two types of sperm with re- 
spec£ to the Rh gene* . * 4 , 

The woman's chromosomes also separate during\eiosis into two sets of 23. In her 
case (h&mozygous recessive) each set of 23 chromosomes has the same type of Rh ^ 
gene (negative)* 

We can illustrate the situation by constructing what is called -a punnet square: 

r 1 * * 

Woman 1 s 
Genes 



Man's 
Genes 



# 



Now if we combine the Rh genes from the man and the woman in all possible waygj 
we can determine the chances of an Rh negative offspring* 

^ * * 

v ' Woman's 

Genes 



Man ' s 
Genes 



+ - 



+ - 



Notice that 1/2 the boxes have a heterozygosis genotype and 1/2 have a homozygous 
recessive genotype. The chances are 50% tha€\the bate will be Rh positive (heter- 
ozygous genotype) and 5Q0 that the baby will b^Rh negative (homozygous recessive 
genotype). fc \ 
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Let's consider another example: Suppose a .heterozygous man marries a heterozy- 
gous woman. What are the chances of an Rh negative baby? ^ 



Woman's 
Genes 



Man's 
Genes 



+ + 



+ - 



+ - 



As, can be sgen f the chances are 1/k for a homozygous dominant individual , *2/k for 
a heterozygous individual t and 1/k for, a homozygous recessive individual.' The 
homozygous dominant and the heterozygous would be Rh, positive (3/k chance) and the 
homozygous recessive would be Rh negative chance).' * \ 

- I 
One last example: Suppose an Rh positive jnale (homozygous dominant) marries an 
Rh positive femgle^( heterozygous). What are the chances of an Rh negative baby? 

Womanfs " / - 

Genes 



Man's 
Genes 



+ + 



+ + 



+ - 




The chances are 1/2 for a homozygous dominant genotype and 1/2 for a heterozygous 
genotype. There is no chance for an Rh negative phenotype. • : 



^Sorae Patterns -of Inheritance in Humans ' 



In the basic inheritance handout jfjzu were exposed, to the general principles in- \ 
volved'in the transfer of genetic^ traits from one generation* to the next. The 
present handout presents, a number' of Tufflan traits that are inherited in simple 
ways.. As you work through the handout," determine your phenotype and your geno- 
type (if possible; you may have to determine your patents* traits ijt order tos 
get genotype) for each trait.-. ' 



Hfiman /Traits 

— , ■— ■ A. _ — . »- • 

1. Bentv Little Finger " 

' -S \ / \ v. . 

A dominant .gene (B) causes the last joint of the little finger to bend inward 
toward the fourth (ring) finger* Lay both hands flat v on the tabie/ relax the 
muscles and note whether you have, a bent' or a straight little linger* 

What* is your phenotype? (Circle.) . Bent . "Straight i rfA 

What is your genotype'? BB Bb bb ' J 

2. Attached Ear Lobes ' % \ u < 

in raos; people the earlobes, hang freely/ but if a person is homozygous Recessive 
- (ee), the earlobes attach directly tp the head and do not hang freely. ' You* may 

wish to cornp^s^ earlobes with pther individuals in order to determine your phe- 
, notype. , . * ^ 

What is your phenotype? . * Attached Earlobes* Unattached Earlobes 

What is| your genotype? " „ Homozygous Heterozygous \ Homozygous 

» \ 1 \ . Dominant, t * . ^ Recessive 

3. Tongue Rolling - \ * ■ p 

A dominant gene (R) enables fedme people to rolltheitf, tongues into & distinct 
U-shape. • j \j c „ 

Your phenotype?* ,y v ^ 'Tongue JRoXler Non Roller ' 

Your genotype? \' ~ • RR ? Rr rr 'Can 4 t tell. 

*f. Thumb Placement ■ * - 

Interlock your fipgers. Positioning the left thumb On' top of the right one is 
due tor a dominant ge^ie (P). Placing the right -thumb 'over the left one is due to 
a recessive gene. Do this "quickly without conscious effort. 

Your phenotype? t , Left Oyer * / Right Over 

- . Right" Left - 

Your genotype? \ pp Pp pp 

5. PTC, Tasting * ~ 

Your instructor v/ill provide you withva piece of paper treated with Phenylthio- 

carbamide (yPTC). Place this in your mputh. If you detect no taste, chew for 
about a rcinUte. < If you do not detect* a very bitter taste you are a non-taster 
(homozygous 'recessive 

Your Ijhenotypj? * <f % Taster #! Non-taster 

Your genotype? Homozygous 4 '^Heterozygous Homozygous 

t* , nu Dominant # , Recessive 
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6 * Second (in dex) finger shorter than fourth (ring) finger 

t>lace your hand on a flat surface and note whether the index finger is longer' or 
shorten than the ring finger. Short index finger results from the action of a 
sex-influenced gene which is dominant in males and recessive in females 



Index' k shorter Index larger 

Heterozygous 



^Homozygous 
Dominant 



Homozygous 
Recessive 



Can't 
Tell 



s Your jbhenotype? 
Your genotype? 

'7 # Blood Groups 

In the ABO blood group there are 3 possible, genes and k possible phenoWs. Each 
.person inherits a pair of genes. The 0 gene is recessive, while the A and B genes 
are co-dominant. The following table illustrates possible genotypes • and pheno! 
types • , 



Genotype 



Pheno type (Blood Type) 



AA 
AO 
BB 
BO 
AB 
00 



Type A 
Type -A 
Type B. 
Type B 
Type AB 
Type 0 



Can't tell 



The. instructor will assist you in determining your blood type. 
Your phenotyper? A . , B AB 0 

Your genotype? ^ ^ AA AO - BB BO. AB 00 

8'. Sex-linked traits 

Some genes are carried on the X chromosome. . Such genes are sex-linked (or'jt-linked) 
A female, will get a fcair'of genes for X-linked traits because females have two X 

h^T^* Male3 '. ho f v f % wi11 onl y Set one of each type of X gene because males 
have a Y chromosome instead of a second X. 

If a male inherits a recessive X-linked gene it will always be expressed, because 
there is no pbssibility of a dominant gene being present to mask its" expression. 
Example: Hemophilia is an inherited genetic disease in- which the blood does not 
^fSuf *J affected ^dividual (h). A carrier female (Hh) mates with^ 
normal raalei(H). If the couple has a son, what are the chances that he will have 
hemophilia? * 

The punnet' square, would look' like this: 

Man 



H 



H 



Woman 



' HH 


H 


Hh ; 


h 



No gene on Y 



Note the absence of a gene in the. 
male because a Y chromosome is present 
rather~than an X/ * 



In such a situation the couple has a^CF/o chance of producing a boy (as always) 
If a boy is born there is a 30& chance that h£ will have the hemophilia rene and 
hence express Uiat trait. ^ 
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Problems - Complete the following* 

1. A carrier for tongue rolling mates with a non-roller- What is the proba- 
bility that they will produce an offspring who is a non-roller?" 

2. A person who is homozygous dominant for PTC tasting mates v/ith a person 
who cannot taste the chemical* What is the probability that they will have a 
child who'will taste PTC? 

3- Four brothers and sisters have the following blood types: A t B t AB t 0. What 
'are. the genotypes of their parents? 

*f. A woman who is a carrier for hemophilia mates with a normal male* What is 
the probability of producing a daughter with hemophilia? What is the probability 
of producing a daughter who will be a carrier? 
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EVOLUTION 



1. 



2. 



For any given species two problems pvief «u a ^- . 

apter^tics for finding rood i„ th.i/enviro^nt^d "or SjdST 



3. 



teoMubnu that aspect of change that deals with living - 
things. From a biological standpoint organic evolution can ol ?hou*ht 
oi *s a change in the genetic makeu£ of a population over Ume. * 




Ideas about evolution were formulated over a lonr oeriod Q f.*inw» i ^ 
involved the contributions of many people In tL ™5 ifim, !' Md 

* ^M?ss^*ftA Sip. 

tamed its importance to this day. *^ ioJ-ogy that has re- 



The major ideas expressed by Darv/in and Wallace are summarized in *h„ 
following observations and conclusions: ' summarized in the 

Observation 1 

All organisms have a high reproductive capacity. (A population of w 
ganismg with an. unlimited food supply and with™,* >_. P ° PUl ^ lon of or ~ 
dation, could quickly fill the e^ire ^rt") ° g t0 ^ 

Observation 2 

Sati f on d of U of y '- aS W6l \ aS the SUPply of " other resources, for any pop- 
ulation of organisms is limited. The growth rate of *h» ™„ i P P 

tends to outrun the growth rate of the^ooTs^ply! P ° Pulatlon 
Conclusion 1 

There must be a continual struggle for exists* = m ™„ 

same kind. < existence among organisms of the 

Observation 3 

All organisms show heritable variations. No two individuals -in a 
cies are exactly alike. individuals in a spe- 
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Observation 

Some variations are more favorable to existence in a given environ- 
ment than others* 

Conclusion 2 , 

Those organisms possessing favorable variations will be better able 

to survive in a given environment than those that possess unfavorable • 

variations. % 

Thus each successive generation will be better adapted to the environ- 2" 
ment. 

4 

"" ■■ . - . , c - - _ _ - 

6. Darwin used the term natural selection in referring to the greater sur- 
vival, and consequently greater production of offspring, by those in- 
dividuals with favorable variations. * 

Natural selection can.be thought of as a differential reproduction in 
which the fitter members of a species get more of their genes into the 4 
next generation. Unfit individuals often die before reproducing and 
thus are represented, to a lesser degree in subsequent generations. * 

* In an environment that is fairly constant,' natural selection often acts 
to preserve the status quo within a species. In an environment that is 
changing, however, natural selection often may act in a directional way 
leading to an increase in individuals that possess a characteri/stic fav- 
orable in the new environment. 

. 7. Speciation (t^he development of a new species) may oc'cur if a population 
becomes separated into two or more geographically isolated groups. Such 
geographical splitting of a population may occur following the formation 
. • of mountain ranges or islands or rivers, or in a number of * other ways* 

Geographically isolated populations may be subjected to different envi- 
ronmental conditions that result in natural "selection operating in quite . 
different ways in the isolated populations. Over a sufficiently long 
period of time, evolution might lead to a divergence of characteristics 
between the isolated populations. If the ct^mges that occur are great 
'enough, eventually thp two populations, that originally were one, may * 
be incapable of interbreeding. Such populations incapable of inter- 
breeding must be considered to be separate species. 



Speciation may occur in ways other than through the development of geo- 
graphic isolation. Sudden changes in the genetic material may lea^f to . 
instant reproductive isolation. Such sudden changes appear to/have • 
occurred quite often' in plants, and "have usually involved a sudden in- 
'creaSe in chromosome number, such as a doubling or tripling of the ori- 
ginal chromosome number (polyploidy). If polyploidy occurs inat least 
two individuals, crossbreeding of these individuals may lead to the" es- 
tablishment of a reproductively isolated population. 
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ECOLOGY 

Ecology is the study of the relationships between organisms and their envir- 
onment . 

The environment contains both physical and biotic components. Major physical 
•aspects of the environment include minerals, light, temperature, moisture, 
and pH. Living forms make up the biotic portion of the environment. 

A person who studies aspects of the relationships of organisms and their en- 
vironment ias called an Ecologist. An ecologist may concentrate on "one or more 
of the following levels of organization; Organism, Population, Community, 
Ecosystem, Biome, Ecosphere. 

A population is a group of^ individuals capable of interbreeding (members of a 
species within a particular geographic area). ' •>«. 

A community is a group of populations living in the same 'general area charac- 
terized by interdependent relationships. * 

An ecosystem is a community plus -its physical environment treated as a func- 
tional unit. Ecosystems are characterized by a cyclic exchange of materials 
and are- theoretically self-sufficient units. The only outside requirement of 
a balanced ecosystem is an input of energy (from the sun, either directly or 
indirectly). v J 

Biomes are big areas on earth (large ecosystems). Common terrestrial biomes 
include the /Temperate Deciduous Forest, the Tropical Forest, the Taiga, Grass- 
lands, Chaparral, Desert, and Tundra. 

The earth itself is really one giant ecosystem which we call the Ecosphere . 

Ecologists most often concentrate their studies at the level of the EcWstem 9 
^because this level represents the functional ecological unit. 

The .flow qf matter within an ecosystem, and energy through axl ecosystem is 
illustrated in the following diagram: (Arrows denote direction of energy and' 
matter flow.) „ 5x7 



Sun ^ 

**—^99# lost as heat 
L l^ transferred- 

i 

3^° unavailable 
f Plants 1 logs ^ f Plant EgersTj ' I 

"Producers" "Primary Consumers" 

\ / /v» 

♦Minerals ^ » j Decomposers J / ^90^ lost 

/ • 

/ Animal inters j ^ 10% /Animal Eaters^! 

"Tertiary Consumers" ^ 

"Secondary Consumers" 
9096 lost . 
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Levels within the ecosystem are called »Trophi<LLevels". The system begins 
with sunlight being absorbed, by the plants. Less than 1% of the sunlight 
entering the earth's atmosphere is, used by plants. The bulk of j?he light is 
converted to heat which warms the atmosphere. Plants and other Autotrophs 
represent the "Producer" Trbphic Level. m . . 

Producers are eaten by members pf the "Primary Consumer 11 TropMc^Level. Only 
Vy/o of the energy* potentially available at the Producer Level! is transferred 
to the Primary Consumer L6vel. JPhe'resf of the energy is losVas waste heat. 
In general the efficiency of energy transfer from one trophic level to the 
next is about 10$ . 

Primary Consumers are eaten by Secondary Consumers. Fox 4 example/ coyotes eat 
rabbits. Again our efficiency of eneVgj^transfer is about 10^. Secondary Con- 
sumers "may be eaten by Tertiary Consumers, and' occasionally even higher level 
consumers are found in an ecosystem. ■** 

A vital role is played by the "Decomposer 1 *, Trophic Level which consists of 
Bacteria, Fungi, and related organisms of decay. These decomposers" break down 
complex molecules from dead plants and animals and animal wastes into simple 
miiferals. Matter is then recycled as these minerals are taken. up by members 
of the Producer Trophic Level. 
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Each particular member of an ecosystem plays a particular role in the total 
system.' The sum total of all aspects of an organism's role in the ecosystem 
is referred to as the organism's "ecological- niche"; 

A complex* series .of links exists among the Jbrganilpis within a single ecosys- 
tem. An expression that shows just a' few/f the stems' interrelationships 
is a food chain . For example: 

Ttebbit 



Coyote 



Sunlight Rabbitbush „ 

A more complete expression' of the' interrelationships within an ecosystem is a 
food web. yfhe following 'is a simplified California Chaparral food web: 

c — Ught . . • 

jr 000 ** _^- ss 5^ Eagles 
. Hawks ^ 

*Ra.bbits^ \ . 

Squirrels 

* + j, I 

> Decomposers 



Snakes 

t 

— Mice 

H f ^ 

Many Species of Plants 




>, ,—Jinerals 

Most food^webs are fairly complex, although sdme, such as the tundra foodweb, 
are simple. People, through their activities sometimes reduce the number ; 6f - 
links in a food web by eliminating species. For example, the Grizzly Bear 
would be a part of the previous web had it not been eliminated by people. 

A generalization that is often true is that the more complex the food web is,, 
the more stable it is. Often simple food webs are relatively unstable or more 
Susceptible to disruption. The Tundra is thus a fragile ecosystem because it 
has u relatively simple food web. People may make ecosystems more venerable 
uo change-when species are eliminated or food web links are disrupted 
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Due to the -energy inefficiency ^that occurs from one trophic level to the next 
we find less biomass, less energy and fewer individuals on successively higher 
trophic levels. , Such a relationship can be expressed as a pyramid (of Biomass, 
Energy, or Numbers).^- * - * 



Tertiary Consumers 
Secondary Consumers 



Primary Consumers 



Decomposers 



Primary Producers 



Although energy, biomass, and- numbers generally decrease from lower to upper 
* trophic levels, some toxic substances may do just the opposite. The process 
°f biological magnification may occur for fat soluble substances such, as DDT, 
PCB*s, organic mercury, and some radioactive substances. In such cases, the 
concentrations .of the toxic substance^ are higher in tissues of upper trophic 
level organisms. 

The following diagram illustrates what happens: 

The size of the square represents^ the totals biomass at each trophic level. 
The individual dots represent molecules of a toxic substance. 
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Producer 



As one can see, ^ little of the toxic substance is^lost during transfers from 
one trQphic level to the next, but much of the biomass jLs'lost. The result 
is a higher concentration at higher trophic levels. 

For example, in a freshwater ecosystem the following DDT concentrations were 

observed: ' m . ./..,,. 

DDT m parts/million 



Plankton 




Minnow 




Large FiJfi 


— > 




.23 




s 

2.07 



Osprey 
(A bird 
of prey) 



13-80 

Such high concentrations of DDT affect eggshell production in birds and rep- 
resents a serious threat to the survival of several species. 

It is especially important that we minimize the release of substances that 
exhibit biological magnification into ^our environment. Such compounds not 
only threaten wildlife, but may also have detrimental effects to humans. 
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POPULATION AND ECOSYSTEM DYNAMICS 

For any species there are environmental requirements which will affect both Its 
abundance and its distribution. Such features are called limiting factors . * •* 

* »» 

A limiting factor may be a 'density independent one such as temperature or pH or 
a density dependent factor sucfr-as disease-, food supply, or number of predators. 
Density dependent factors exeri a stronger effect on a population^ continued 
growth as It increases in numbers. 

Density independent factors exert their effects regardless of population size. 



Populations exhibit different patterns of growth depending on the species in ques- 
tion as well as environmental conditions. In some cases, such as an Insect in- 
vasion .or an algae b loom,_popu latjon growth can be very rapid* Such/a situation 
is graphed below. ^ 

T 

Number 
of 

Individuals 



Time 



The curvet that results when such a rapid burst of growth occurs is called a 
J curve. - ? ' * 

' ■ ^ 

In many. established populations the numbers of individuals are fairly constant, 
.generation after generation. A curve for a fairly stable population is illus- 
trated below. r 



Number 
of 

Individuals 



/ 



Time 



Such'a curve', where the population size t£ fairly constant, is called an S curve . 
In this situation, limiting factors in the environment func-Koj^to keep the pop- 
ulation from continuing to increase in numbers. The limiting* factor's thus provide 
environmental resistance to continued growth. The size of the population that is 
fairly constantly maintained, generation after generation, is called the carrying 
capacity. . / 



The carrying capacity is often determined by 
which may include food supply, shelter, disp 
of Drey. 



a* number of density dependent factors 
ase, number of predators, or number 




Many populations can be expected to exhibit an S curve type oY population pattern 
generation after generation." In some cases, however, changes may occur in an eco- 
system that will lead to the ultimate disappearance of certain species. Such e- 
vents often occur during the process of ecological succession . 

• ^ * ". ' 

In ecological succession environmental changes occur* in* sych a way that one type 
of ecosystem may rep lace # another. Often a series of ecosystem replacements may 
o^cur. For example, one possible sequence Is illustrated belfcw. 
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Freshwater Lake 



Marsh ; 



Bog 



'""Readow 



Forest 



Ecological succession may eventually lead. to an ecosystem which Is very stable 
and which resists change. Such a stab I e Ecosystem would be calteef the climax 
stage or cl imax community . - ~ 



ow: 



Trends that often occur during ecological succession are Nsted^bel 

1. The total biomass increases. — 

t 

2. Net productivity initially increases, but during later stages ,of succession 
It decreases. 

3. There is a general Increase in organism sizey org^pi sm lifetime, and complex- 
ity of I Ife* cycles. 

There is an increase in species numbers and thus an increase in foodweb com- 
plexity, 
j 

5. Usually ecosystems become more stable as they mature. 



\ 



ERIC 



63 



j 



0 

ERIC 



NATURE OBSERVATION 

The natural wprld offers experiences that are unavailable in urban areas ' * 
Because many of us have grown up in the city these experiences *Ty be new 
and the ability to appreciate them, may „eed to be acquired. A sharpening 
^Lw 6 S ?r S °T r " ° ne leamS to hear ~ d ^cognise new SS^to 

g 0 ^^, 0 ' taCtile Md t0 gener^ 

A place to begin nature observations" is usually fairly close. In the citv 
a large park will have much to offer. The seashore aid related areas^ suS' 
as saltmarshes are excellent- for nature study, especially during the^Sf 
and winter when there are fewer visitors. It is always a rewardinTexSri- 
ence to visit undeveloped areas within state or national parks. 

Listening to Nature 

!iU d l^ a T imary m ? anS ° f comnunicati °n among animals. With practice you 

ofseveral specie8 of birds - *~* ~ V 

ILlTti* 1 *' w ° r l thwh * ile to study sounds both during the day and a^ 

night because this will allow you to gain a greater feeling for theanlmals 
present m your study area. Birds call mainly in the day.tfme° while^ " 
night irogs, toads and some mammals are vociferous. 1 

En P S!V 0 leam , T by SOUnd ^'repetition maylbe necessary. Lis- 

ten, .o.the recorded sounds of birds for example before yL go into the field 

" £j° Ur ,l : ld trlP T " y ° U rec °S"i^ callsUhat you ^eviousjy heard! 
tor EE thr^r' 6 ^ WitH ^ Pre " reC ° r d6d tape provided by Jhe Ss ruc- 
so^nd It \ Jl S ? W y ° U * Y ° U Can Play back tape t* confirm the 
S^el PartlCUlar f ecies - Edition, if you broadcast a particular 

taped call you may get a response from a bird in the field. SucTa response 

of'he^r iCati ° n ^ ^ • UW y ° U to hear addition 86 

Since sound serves as a primary means of communication among animals, there 
must be a sound dialect for any particular species. *If you find a particu! 
lap species of animal common and interesting, you may wish to study^ts 
different sounds op vocalizations. Fop example, if you observe an Ws 
hummingbird, you shontt^rtwt an '.announcement sound" as the biS sTts on 
curUnfl P T h * «™*<»W* ^ound has been described a^ fre- 

JSlr^ S ^ U6nCe of ^ triplets, a drawn-out creak, and two staccato 
cuX ter^l ann ° UnCement f und le ts other hummingbirds know that a parti - 
t£j ll "I 18 ° CCupied ' If a hummingbird intruder enters the terri- 
tory, you may hear a chatter call. The chatter call threatens attack Tf 

Such ZnSf iS , COUrt 1 in « ^ U hear single high pitched chi ^ peeps 
vet ™l V0Cal i Z ations but rather are produced by the li£ in a 

very steep aerial dive. As you observe birds, or other animals, you will • 

wiS \l\ I J 1 ^ 6 "" 1 * Soundsbein * Siven by one individual.' You may ' ' 
wish to interpret the meaning of such sounds. . y 

S/nfT a ° U £ 1 "' ar 1 be a k6y to its meanin S« ^r example, many spe- 

ech 2 S °^ blrdS raake a battering, raucous sound when a predator 

to et ntdl\ 0r * Ca t 18 T rby * SUCh a SOUnd is eas y to locate and serves 
to let other birds know where the danger is. Sometimes such calls lead to - 
noboinawith many individuals ganging up to chase the predator awav WW 
SE" 1 *? by ' S T birds is a high pitched, difficult to locate "chee-p" * 
sound. Such an »alamrcall» is given when a predator 'such as a hawk i* ,- n 
the area. When this call is given the other birds hide* 2d fall Sent 
«w£5f * hUmanS t ° d6teCt ' the m ° bbin « call,, but not 
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Depending on the season and the animal, sound^^aay be of differing characters. 
For example, mafty male birds sing in the springtime to establish territories. 
"Songs 11 are usually complfex and melodious. Birds generally call rather than 
sing during t^ non-breeding sea§on. "Calls 11 are shorter, sfranLer sounds, and 
usually not v^ry music^Jrr 'Animals ofhetf , €fian birds also shfotf tffis seasonal 
variation. Most made fnogs, for example, establish spring breeding choruses 
where species-specific breeding calls are given to attract females. During 
the non-breeding season it is often possible to hear quieter and more variable 
non-breeding season frog c&lls. 

As you le^rn to interpret" wild sounds your appreciation of nature should in- 
\ crease. /Try to lea^rn severed species by sound and at the same time see if you 
can determine meanings, of different types of signals (e.g., threat, att^c- 
tion, ^pecies recognition, etc.) *■ 

The Smells of Na ture 

: — ) . 

Odor plays a major role in the lives of many plants and animals. 'A night- 
blooming flower may attract a moth with its sweet scent. A female woodrat 
may communicate to a male woodrat that she is sexually receptive by releas- 
ing an odiferous chemical. A coyote may mark his territory with urine that 
carries his particular scent. A skunk may spray a young badger that was 
jl^st too curious. 

The smells of nature are a delight that is never found in the city. The rich 
musky smell of humus in the oak woodland, the intensely sweet fragrance of a 
field of clover, the wild, primitive scent of the^ffeshwater pond are jojs 
which most of us experience all too infrequently. 

As you explore your wild areas try to note as many different smells as possi- 
ble. What are the possible biological functions, if any, of these smells? 
For example, one' function of sweet-smelling nectar in a flower is to attract 
pollinators. Discuss possible* functions with your classmates and with your 
instructor. 

The Textures of Nature 

Reach down, pick up some soil and rub* it between your fingers. The texture * 
of the soil tells -you something about the types of plants that may be found 
in an area. A coarse gravelly soil may 'only support very "hardy pl&nts such 
as those found in the chaparral, A richer and more finely texture^ soil may 
support oak trees. Soil occurs as many types, but* with practice and help 
from y° ur instructed, you should be able to tell whether a soil is, primarily 
•"clay, silt, or sand. r 

As- you study soils, relate them to the plants with which you find them atf^o- 
ciated. To a certain extent—the^soil type determines the vegetation tyro 
in a giveir>area# For example, chaparral is usually found growing in soil * 
that contains a lot of gravel, while a grassland community often grows)pn a 
heavy clay soil. r- " 

The textures of plants may helf> in learning different plant species in a gi- 
ven area. I© the chaparral, for example, many plants have distinctive char- 
acteristics as outlined in the following l^ble: 

Plant Species Touch Identification Features 

Chamise Stiff cylindrical needle-like ^leaves 

California Buckwheat Needle-like leaves with indentation on leaf bottom" 

Scrub Oak\ Acorns present, sharp points on leaves (usually) 

Laurel Sumac Smooth waxy leaf without serration 

Sugarbush # Thick, waxy leaf * > 



Black Sage Coarse texture - sage smell 

»Whrte Sage Smooth, sticky texture - sage smell- 

Toyon ' Eve n serrations along a long narrow leaf; mild 

-n almond odor when crushed' with fingers . 

California Sagebrush • Narrow, - long leaves, Sagebrush odor- 

Holly ieaf Cherry Intense almond odor when* crushed in fingers 

Going on a Field Trip - , • 

When you venture intp the field be sure that-you. ar ^suitable clotned and 
suitably equipped. Wear clothes that. you can allow to get a little dirtv 
since yqa will certainly be sitting, and perkps even lying, on the ground. 
Denim jeans are a comfortable choice for panils. Tennis shoes are agood 
bet for footwear If if is likely to berWiy a longsleeve shirt and a hat 
will provide protection against sunburn. 

The most important -piece of equipment on an extended nature waUrwiir be a 
container with water. You may wish, to bring materials for recording your 
nature observations. A' compact tape recorder can be extremely^ helpful for 
saving your field expediences. A small backpack is useful for carrying all 
your materials. Your instructor will discuss the different types of packs 
belt-bags, and shoulderbags that are available. - y ! 

Field Activities Sheet > 

Record the following information while in the field: 

1. Bird species observed*. Try 'to -describe the sound made by each different 
species. 

2. Plant species observed. Try to describe the particular characteristics^ 
01 each plant that allow you to distinguislflt from other plants .in the 
aresu - ^ 

3. Types of soil observed. Can you link types of vegetation (plant commun- 
ities) to particular soil types? What other physical features might 
play a role m the type of plant community found in the given .area? 

k. What are some important values of wild natural areas? You should be able 
to list at least five reasons that such areas are important. 
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' . v y^HAPARRAL "FIELD TRIP ' A - - . ' . 

• - Today you will be able to personally experience . the ^ ^ " ■ 
most common plant community, of the Santa Monica Mountains. S 
You will benefit from reading the Santa Monica Mountains <^ - ; 
Pffnt community handout (in addition to this handout) 
both before and after the field experience. This -chaparral ' ' 
handout is designed to acquaint you with the common plants 
and animals that you will ehc ouster on the trip. :> •( 



CHAPARRAL PLANTS 



ncour*-t 
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Chaparral- plants are adapted for survival in a Mediterranean 
type of environment, characterized by wet winters followed 
by a very long dj?y season. 'Such- plants usually have thick, - 
leathery leavegT md extensive root systems,- The following 
is a list of common plants with some descriptive information, . 
tr^his a handbCt ° W descri P tions " f0 5 l°» *-9 >pe specimens 

California BucMeat C Eriogonum fasciculatunfl 

* 4^ Smal i n f^ e like leaves. Large brittle flowe? clusters 

at- -tips of stems. This plant is an important be<Tplant' - ' 
due to its long blooming season. ■ J., - - 



X 
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Chamise ( Adensotoma fasciculatum) * , * 

qfn a1 -* S 2? n nee dle-liKe leaves, ■ smaller than buckwheat * leaves . 
cSpLSfpLnt? 3 "^;. ThiS X ' S a V6 ^ COmA ° n ' °f ten *-lf»nt. 
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Holjyieaf Cherry ( Prunus illicifolia ) „ 

Leaves are roundish, leathery, and lined with priqkles 
When crushed the leaves first give off an' unplesaryt cyanide 
odor which quickly changes to a very plesaknt almond smell. 



>. ' - 

•Toyon ( Heteromeles arbutifolia ) 

Stiff linear/cleaves lined 'with sharp teeth., Berries 
are on plants during much of the .year. This plant is 
also called Hoil*ywo.od . The famous town was given the name 
because" the surrounding hills were covered with this species. 




fsonOak iRhus diversiloba ) " 

. This plant should not "be handled because it causes 
severe skin irritations. Poisdn Oak is found in shady and 
■moist areas and -is not common, in the Chaparral. 



Ca>dffprnia Sagebrush ( Artemisia calif ornica V 

Aromatic odor. Soft, very narrow, linear leaves 
.Very common in the Coastal Sage Scrub. . xeaves ' 



White Sage ( Salvia apiana) 
* Aromatic. Large, broad, rough leaves 



•Black Sage ( Salvia meilifera ) 

Aromatic. Narrow, rough leaves. Leaves are finely 
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I know a bank where the wild thyme blows 
Where oxlips and the nodding violet grows" 
Quite over-canopied with luscious woodbine, 
With swee$ musk-roses and with eglantine. 

* ♦ * # 

' William Shakespeare - % 
- A Midsummer Night's Dream 

• v * 

o Q ~ + v, Pla 2 tS u Play a multitu de of important roles on our 
Sfif+v K^VS 6 P a famount feature of plants is their 
aDiiity to do photosynthesis. Through the process of -nhntn 

S'es'sentSrJor^ 0 ?^ 6 J? 0 **"* 

r*ZA t for llfe - Plants play other roles in our - 

enSch^r i?vL e ? r ^ el L^ 0rthwhile ' For example, plants 
enrich our lives by providing aesthetic beauty. 

The beauty of plants can be appreciated in manv wavs 
Many individuals enjoy plants became of plants visLl^ - 

hZevT^For & ° f pla " ts are™SSooked. 

nowever. For example, there are many species of plants 

with very exciting smells or scents. 

asDec^n^fnf^^ 1 P ro 7 ide introduction to several 
n?f^= 1 P i n t blol °gy' including a discussion of scented 
plants, plant structure, and plant function. 

Scented Plan ts 

~ The . followin g is a lis t of - planTs which have scented ' 
. leaves Some of these plants will be available from your 
instructor, others from nurseries. ' Y 
Leaves should be lightly rubbed to release scents. 

Scented Geraniums: > 

(1) . Peppermint Geranium ( Pelargonium tomentostu ri) 

+h 0 i! P pleases a delightful -peppermint odor when . 
the leaves are rubbed. In addition the large, fuzzv leaves 
make the plant particularly attractive. Y leaves 

(2) , Lemon Geranium ( Pelargonium crispum ) ' 

This plant has very small curled leaves. The lemon 
scent is so nice that one is tempted to eat the leaves 

(3) . Rose Geranium ( Pelargonium capitatum ) 

U , P(J J|}« Plant 'produces a rose scent. Leaves have been 
perfume. r ° S6 ger - aniu?1 ^ ell y and a s a basis for rose 

(4) . Lime Geranium ( Pelargonium nervosum ) 

-This plant has a very spicy odor and soft-textured 
leaves* ^ ^~ > 

* 

K5). - Nutmeg Geranium ( Pelargonium grayeolens) 
Almost smells, like nutmeg. 

200 vSSflw'iS ^ 6 nin ?^ enth century there were as many as 

200 varieties of scented geraniums available. Great collections 

exh7b?r m £of ^ Pl ' ay ? d J" impo ^ant P-t in every horticultural 

2a 



The scented geraniums are native to south Africa. 
In the wild environment the scents may play an important 
function in the lives of the plants. Perhaps, as you observe 
these different species, you will speculate concerning the 
roles of the various scents. Perhaps you might even become 
a collector and expert. 

Scented Herbs: 

A wide variety of herbs have interesting smells, 
textures and culinary uses. This is a partial (list . 

(1) . Thyme ( Thymus species) - - 

There are several species and varieties of thyme with 
f many different smells. Some of the more common scents 
include common thyme, lemon , caraway, and p.ineapple. 

(2) . Rosemary ( Rosmarinus officinalis ) 

This plant has a -strong pugnent odor. 

(J). Mints (Mentha species) 

There ar'e many species including peppermint, 
spearmint, pineapple sage, and corsicaln mint. 

(4) . Lavender ( Lavandula species) 

Finely scented elegant/, fragrance. ' 

(5) . Others 

There are many more species of herbs which are worth 
becoming familiar with. „ 

* / 

Plant Structure 

The instructor will discuss plant structure, and you 
will explore various portions of plants through the use of 
models. The following is a list of important terms which 
you should understand. 

4 

The Flower 

(1) . Pistil: female portion of flower 

a. Stigma: - pollen lands and germinates here 

b. Style: pollen tube grows through this structure 

c. Ovary: • houses ovule, witPiin which is the egg 

(2) . Stamen: male portion of flower 

a* Anther j - produces pollen 

b. Filament: ^supports anther » 

(3) . Petals: often designed^to attract pollinators 

(4) . Sepals: protect Un-opened flower 

Leaves and Stems 

(1). Leaf:- flattened portion pf plant where most photosynthesis 
' occurs 

a. Blade: generally wide flat area 
^b. Petiole: narrow "stemlike" portion of leaf 
cy* Bud: Structure next to petiole and stem 
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(2). Stem: support for plant parts 

a. node: swollen portion of stem 
. . D • internode": area between nodes 

\3) . Stem cross seotion 

a. Xylem: transports water and minerals 

p. Phloem: transports food 

c. • Cambium: has actively dividing cells 

Roots ' 

(1). Root Cap: area of hard dead cells wha|ch is pushed 

... . .through the soil. 

(2. Meristem cells: actively dividing cetes 

KJ). Root Hairs: absorb water and minerals. 




DESCRIPTIONS OF MOI3ELS 



The following brief descriptions refer %o the models 
generated during the course of this project. A photograph 
of each model is included in the figures following the 
descriptive text. Most models are labeled in both braille 
and written script. 

1. TEXTURED BALL AND STICK MOLECULE SET (Figures 1,2). 

This set consists o f fo ur spheres, each representing 
onle of four common atoms; Students can assemble models 
v of common biological molecules by connecting the spheres 

with wooden and plastic bonds. Spheres have the following 
appearances: 

Type of Atom Size Texture Number of Holes (for bonds) 

Hydrogen Small [ Smooth One : 

Oxygen Large # Rough ' Two 

v . « (small beads) 

Nitrogen Large Rough Three 

( (crushed walnut shells) 

1 Carbon Large Smooth Four 

The different textures and numbers of holes forHbonds 
allow students to easily distinguish among .the spheres. 
Spheres were constructed with a commercial instant paper 
mache. Outer surfaces were painted with acrylic paints. 
Textures were glued cm the outer surface • following painting. 

2. SIMPLE SUGAR SET. ' (MONOSACCHARIDES ) (Figures 3, 4) 

This set* shows the general shapes of the common hexose 
sugars. A velcro tipped wooden bond can be manipulated to 
demonstrate disaccharide synthesis. 1,4 and 1,6 glucoside 
bonds can be formed witH the model. Several glucose molecules 
can be connested in sequence to demonstrate polysaccharide 
synthesis. The hexose shapes were constructed of masonite. 
Wood dowels represent the bonds. 

• _ 3- FAT SYNTHESIS MODEL (Figure 5) ~' " 

Raised plastic letters are used in this model so that* 
the student may observe the structure of a Triglyceride. 
• Atoms between glycerol and the fdtty acids are manipulative 

N (velcro attachments) so that^a_jaftudent may observe how 

dehydration synthesis and hydrolysis play a role in the 
building and the -degradation of f git molecules • * • 
'4. t PHOSPHOLIPID MODEL (Figure 6) 

Raised letters allow the student to observe the structure 
of a phospholipid. 

5- PEPTIDE BOND MODEL (Figure ?) ' 

- • Raised letters allow the student to observe amino acid 

V +^ U 2+^nf>;+ Manipulative atoms (velcro attachments) allow 
the student to observe peptide bond formation. 

* 6. ENZYME MODEL (Figures 8, 9) 

This. three dimensional model will aid the student in 
- understanding the relationship of shape to function in enzymes. 

The model is manipulative. As the substrate portions are 
•^positioned against the enzyme, they become bound together ' 
by a- velcro attachment. ' 

* » * 

ERIC 73 • 




7. LEVELS OF PROTEIN STRUCTURE (Figure 10) 

Flexible beads arranged along a wire allow the student 
to appreciate the levels of protein structure (primary, 
secondary, tertiary) • The length of beads can be twisted 
ijjpto a helix, and the helix can be folded back on itself • 

8. - CELLULAR COMPONENTS (Figures ,11, 12, 13) ' • ? * • ' * 

These three dimensional models, constructed of clay, - 
allow the student to observe general shapes of internal 
cellualar structures • Included-in the set £re models of 
the nucleus, endoplasmic reticulum, lysosome, mitochondrion, 
and Golgi complex. 

9. CELL MEMBRANE (Figure 1*0 * 

This three dimensional model is constructed of clay, 
^The components are permanently glued to a demonstration 
4%i 'board. *, 

10. CELLULAR RESPIRATION (Figures 15, 16) 

This model allows the student to trace the major steps 
of cellular respiration. Three dimensional acrylic pieces 
(glued to an acrylic 'sheet) represent various components 
of the process. 

11 / MITOCHONDRION (Figure 1?) 
£>' This large clay model- allows the student *to observe .the 

external and ^internal portions of this organelle. 

12. ATP (Figure* 18) 

A three dimensional diagram of ATP is accompanied by 
' a raised ^letter summary of the ATP cycle. 

13". PROTEIN SYNTHESIS (Figures 19, 20, 21) \ 
Individual masonite pieces allow the student to work 
through ^he process of protein synthesis in a step by step 
manner. - A nine nucleotide DNA double helix can be assembled 
• by connecting the subunits. Individual pieces attach with 
velcro. A nine nucleotide mRNA can -be assembled on one 
side of the DNA. The mRNA can then be manipulated with ^ 
tRNA pieces and amino acid pieces to form a three amino 
acid protein. ^ , 

1*K LEVELS OF CHROMOSOME STRUCTURE (Figure 22) 

, This three dimensional model allows the student to 
relate the DNA molecule to the chromosome. The^model 
presents a current hypothesis of how DNA may be packaged 
in chromosomes. 

15- MITOSIS (Figures 23, 2*0 N 

The mechanism of mitotic division is illustrated with 
clay chromosomes glued to a demonstration board. One 
homologous chromosome is textured while the other is smooth. 
Additional chromosomes are available for student manipulation. 

16. MEIOSIS. (Figures. 25. 26) ' . . 

MexotXc division is represented by clay chromosomes 

glued to a demonstration board. One homologous chromosome 

is smooth, while the other is textured,, go that the student 

can clearly observe the results of crossing over. 
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17. 



18. 



19. 



CRpSSING OVER (Figures 2?, 28) 

•Manipulative chromosomes allow the student to work 
through the process of crossing over. Each chromatid 
consists of 9 vinyl or acrylic pieces attached by celcro 
connectors. Pairs of chromatids are attached at a velcro 
centromere. A student can easily distinguish between the 
two chromosomes because one contains cylindrical units, 
while the other contains rectangular units. 

MONOHYBRID CROSS (Figure 29) 

A manipulative punnet square allows the student to 
work through various genetics problems. All 'letters are 
velcro backed and movable, 



SEX LINKED TRAITS (Figure 30) 

Velcro backed letters allow students to work through 
sex linked patterns of inheritance. 

20. BULLETIN BOARD FLOW CHARTS (Figures 31, 32) 

Here a simple arrangement of words in print and braille 
allow the student to follow a sequence of events. In the 
photograph the labels are taped to a cork board. In practic 
it would be best to attach the labels to the board with 
flat-headed thumbtacks. A variety of diagrams can be 
quickly assembled with this technique. 
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